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Statement of Purpose

The primary purpose of The Future of Children is to disseminate timely

information on major issues related to children's well-being, with

special emphasis on providing objective analysis and evaluation, translating

existing knowledge into effective programs and policies, and promoting

constructive institutional change. In attempting to achieve these objectives,

we are targeting a multidisciplinary audience of national leaders, including

policymakers, practitioners, legislators, executives, and professionals in the

public and private sectors. This publication is intended to complement, not

duplicate, the kind of technical analysis found in academic journals and the

general coverage of children's issues by the popular press and special interest

groups.

In this issue of The Future of Children, we focus on the seemingly intractable problem of

preventing death and disability in infants as a result of being born too soon at low birth weight.

This topic is important because (1) low birth weight results in significant loss of life—with the

years of unfulfilled potential that early death represents for each child and for society; (2) many
surviving infants sustain residual injuries that often tragically involve the central nervous system;

(3) the children and their families often endure pain and suffering; and (4) there are substantial

financial costs involved. Over the past three decades it had been hoped that a number of health

and welfare programs, whose primary objectives were to provide needed medical services to

pregnant women (such as prenatal care) or to ameliorate harmful effects of poverty on children

(such as WIC), would also, coincidentally, prevent the onset of most preterm labor and delivery.

This has not occurred. Therefore, based on current knowledge, further interventions are needed.

These should include providingwomen ofreproductive age with additional health services before

pregnancy. Because cigarette smoking during pregnancy significantly increases the likelihood of

hav ing a moderately low birth weight baby, there also should be intensive programs to discontinue

smoking during pregnancy. Programs directed at discouraging children and adolescents from

starting to smoke would also have a beneficial effect on reducing the low birth weight rate.

In addition to these measures, a significantly greater research priority should be given to

investigating the mechanisms controlling the onset of labor. Further, two-fold black to white (and

Asian) racial differences persist in the prevalence of preterm labor, low birth weight, and infant

mortality, and these outcomes are not adequately explained by socioeconomic or lifestyle

variables. Consequently, particular attention should be given to possible biological factors that

might contribute to the increased vulnerability' of black women to having the premature onset

of labor. It is our hope that by redirecting attention to this subject, further progress can be made
in reducing preterm delivery of low birth weight infants early in the 21st Century.

The articles presented here summarize knowledge and experience in selected areas that we
believe are relevant to improving public policies in the United States that have an impact on
infant mortality and morbidity. We hope the information and analyses these articles contain will

further understanding of the important issues and thus contribute to reasonable changes in

policies which will benefit children.

We invite your comments and suggestions regarding this issue of Tlie Future of Children. Our
intention is to encourage informed debate about preventing the preterm birth oflow birth weight

infants. To this end we invite correspondence to the Editor. We would also appreciate your

comments about the approach we have taken in presenting the focus topic and welcome your

suggestions for future topics.

Richard E. Behrman, M.D.
Editor
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Low Birth Weight:
Analysis and
Recommendations

Analysis

Each year more than four million families in the United States bring

home from the hospital a healthy baby who has all of the potential

for a full and productive life. The birth of a baby is ajoyous event,

and the baby's survival is taken for granted. But one family in 100 will

suffer the loss of their child soon after birth. Why are these 40,000 babies

dying each year? As Paneth discusses in his article, more than three-quar-

ters of infant deaths are caused by babies being born too small or too

early. The occurrence of these infant deaths is highly correlated with size

at birth and length of gestation; the proportion of deaths increases with

decreasing birth weight and gestation. Low birth weight is the term used

to define infants who are born too small, and preterm birth is the term

used to define infants who are born too soon. 1 In 1991, 7% of all infants

in the United States were born too small, and 11% were born too soon.

This journal issue takes an in-depth look at what is known and what is

not known about the major underlying cause of infant mortality and

childhood morbidity—low birth weight.

For the past quarter century, the sal access to medical care for pregnant

United States has ranked poorly in inter- women. Yet, in international comparisons,

national comparisons of infant mortality. United States infant mortality rates remain

In 1993, the United States ranked 22nd in relatively high. Paradoxically, the United

the world in infant mortality, well behind States is unsurpassed in its ability to rescue

Japan, Singapore, Germany, and most the very smallest infants. Because of

Scandinavian countries. 2 The reasons for advances in neonatal care systems,

the relatively high rates of infant mortality many infants who weigh only 750 grams
in the United States are unknown. It seems (1 pound, 10 ounces) at birth are now
incongruous that, compared with new- surviving. 3 However, these successful res-

borns in other countries, so many more cue efforts are often associated with signifi-

American infants die. The United States cant long-term health and developmental

has one ofthe most advanced medical care problems among survivors4 which limit

systems in the world, superbly trained their opportunities to lead full and pro-

medical care providers, and nearly univer- ductive lives.

The Future of Children LOW BIRTH WEIGHT Vol.5 • No. 1 - Spring 1995



Medical scientists have focused on two

major strategies to find ways to reduce the

number of infant deaths: improving the

survival of low birth weight infants and
preventing low birth weight and preterm
delivery. As is described below, the success

of these two strategies has been mixed.

Although the United States has rela-

tively high infant mortality rates in inter-

national comparisons, infant mortality

rates in this country, like those in most
other countries, have been declining. In

the past two decades, infant mortality rates

have declined substantially while rates of

low birth weight and preterm births have

remained virtually stable (see Figures 1-6

in the article by Paneth) . How can these

very highly correlated outcomes—infant

mortality and low birth weight—have
taken such different paths? The seemingly

contradictory decline in infant mortality

without parallel declines in low birth

weight or preterm birth is attributable to

the increasing survival of low birth weight

infants. Horbar and Lucey note in their

article that improvements in neonatal in-

tensive care and drug therapies to help

very preterm babies breathe outside the

womb are responsible for much of the

decline in infant deaths in the past 10

years. But how far can we expect technol-

ogy to take us in reducing the number of

infant deaths in the United States and at

what cost?

These life-saving technological ad-

vances have a price. As efforts to save small

infants improve and become more widely

available, the associated medical expendi-

tures increase. A very tiny baby often must
stay in the hospital intensive care unit for

months and requires constant care and
attention. Hospital bills for rescuing only

one of these tiny babies can reach more
than one million dollars. Most of the dol-

lars spent on low birth weight infants are

devoted to saving a small group ofvery tiny

infants. Lewit, Baker, Corman, and Shiono
estimate in their article that, of the $11

billion spent on health care for infants

today, approximately 35% ($4 billion) of

these dollars are spent on the incremental

costs of low birth weight infants, with

nearly half going to rescue the very tiniest

babies ($1.8 billion).

The stable rates oflow birth weight and
preterm delivery suggest that prevention

efforts have been frustrating and unsuc-

cessful. Advances in determining the

causes of low birth weight and increases in

the utilization of prenatal care have been
insufficient to change the stubbornly sta-

ble course in the rates of low birth weight

and preterm delivery. Researchers know
why some babies are born too small but

have been unsuccessful in applying this

knowledge to reduce the number of low

birth weight births. Up to 20% of all low

birth weight births could be prevented if

no pregnant woman smoked cigarettes

(see the article by Chomitz, Cheung, and
Lieberman). However, the causes of most
preterm births have not been identified.

In studying the problem of low birth

weight in the United States, epidemiolo-

gists have described a disturbing and as-yet

unexplained phenomenon. As Paneth
states in his article, "Equal opportunity for

life is an American ideal that is unfulfilled

even at birth." African-American babies

are twice as likely as white infants to be

born low birth weight, to be born preterm,

and to die at birth. Only 17% of all births

In 1993, the United States ranked 22nd in

the world in infant mortality, well behind

Japan, Singapore, Germany, and most

Scandinavian countries.

are to African-American families, yet 33%
of all low birth weight births and 38% of

all very low birth weight births are to Afri-

can-American families. Little is known
about why African-American infants are at

such high risk of adverse birth outcomes.

Many believe that scientists must take a

fresh look at this problem and approach

it from a different vantage point.

This issue of the journal takes an in-

depth look at one particular topic, low
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birth weight infants. This analysis begins

by examining recent successes in reducing

the infant death rates in the United States,

summarizes current knowledge about the

long-term health and developmental out-

comes of low birth weight children, and
determines ifand how low birth weight can

realistically be prevented. It ends with policy

recommendations about specific steps that

should be taken to reduce the occurrence

of low birth weight and infant deaths.

Medical Care for Low
Birth Weight Infants

Improving Survival

Horbar and Lucey document in their arti-

cle tremendous advances in the develop-

ment and utilization of neonatal intensive

care treatments and drugs which have im-

proved the survival of the tiniest babies in

the past two decades. This same period has

also witnessed improvements in the avail-

ability and accessibility of neonatal inten-

sive care, and the advent of neonatal and
perinatal subspecialists who are trained to

care for the very tiny infant. Together,

these advances have provided the capabil-

ity to rescue a good proportion of the

smallest infants.

The development, refinement, and
availability of neonatal intensive care have

been credited with saving the lives ofmany
infants. While it is not known exactly how
many babies have been saved by these

means, marked declines in infant death

Of the $11 billion spent on health carefor

infants today, approximately 35% ($4 billion)

of these dollars are spent on the incremental

costs oflow birth weigh t infants.

rates have coincided with the introduction

of neonatal intensive care and with its re-

finements. Horbar and Lucey note that

three lines of evidence support the notion

that neonatal intensive care saves lives.

First, low birth weight infants born in hos-

pitals having the highest level of neonatal

intensive care are much more likely to

survive than are infants born in hospitals

having lower levels of care. Second, the

development of a system of regionalized

care for the very smallest infants who need
the highest level care has allowed nearly

all infants in the country access to neonatal

intensive care. Finally, the decline in in-

fant deaths in the past five years is attrib-

uted to the introduction of surfactant

therapy, which makes it easier for very

small infants to breathe outside the womb
and reduces their susceptibility to serious

lung disease.

McCormick and Richardson discuss

how regionalized care was designed to pro-

vide expensive, high-level care for very sick

infants in an effective and efficient man-
ner. In a regionalized system, one neona-

tal intensive care unit is responsible for all

of the infants from a large geographical

area who require intensive care. This large

population base helps to guarantee an

adequate volume of patients and to assure

both efficiency and quality of care. Region-

alization also improved access to care by

providing a centralized place for the care

of all neonates within a region. No defini-

tive studies have been conducted which
document whether or not regionalization

of neonatal intensive care was effective.

However, there is indirect evidence which
shows a sharp decrease in infant deaths

after the introduction of regionalized

care.

Recent trends toward deregionaliza-

tion of neonatal intensive care services

have resulted in the rapid proliferation of

community-based care units. This increase

in the number of neonatal intensive care

units, particularly in suburban areas, has

been stimulated in part by the fundamen-
tal changes in the way health care is organ-

ized and financed in the United States.

The growth of large managed care health

insurance providers has fueled the ongo-

ing competition among providers and hos-

pitals to attract insured families. It appears

that some neonatal intensive care units are

being established to attract young, insured

families by assuring them that high-level

infant care is available in their communi-
ties. An increase in the number of inten-

sive care facilities in local communities

may increase access to care, particularly

for insured families. But large-scale dere-

gionalization also has the potential to dis-

mantle the current system of regionalized

care. How these changes will affect the

availability and distribution of neonatal

intensive care is unknown.

The Limit of Survival

As the limit of survival is moved to smaller

and smaller infants, many questions are

raised about how neonatal intensive care
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technologies should be used. Currendy,

most infants born at 24 or more weeks of

gestational age survive. One study re-

ported that before 24 weeks, very few in-

fants survive; at 23 weeks, only 15% of

infants survive; and at 22 weeks, almost no
infants survive.3 Tyson discusses in his ar-

ticle the difficult ethical questions health

care providers, families, and society face

when they must decide ifan infant is so sick

that neonatal intensive care should be

stopped or not administered. While these

ethical questions are certainly not new,

recent advances in medical technology,

which are often achieved at high cost, have

brought these difficult questions to the

forefront. More needs to be known about

the decisions to initiate care, to identify

when an infant is not responsive to care,

and to withdraw care when necessary.

Tyson notes that current federal child

abuse regulations mandate care for all live-

born infants unless the infant is irre-

versibly comatose or is in a condition

where treatment would be "futile" and
merely prolong dying or would be "virtu-

ally futile" and inhumane. The withhold-

ing of medically indicated care is defined

as child abuse and neglect. Unfortunately,

the precise definitions of futile or inhu-

mane are not provided, and the law gives

no practical guidance for clinicians and
families who must make these difficult de-

cisions. Tyson argues that this law is much
too simplistic and that a number of factors

must be considered in deciding how to

care for the very smallest infants. These
factors include the probability of survival,

pain and suffering, future quality of life,

and the economic cost of care.

Long-Term Outcomes for

Low Birth Weight Infants

Hack, Klein, and Taylor note that, while a

large majority of low birth weight infants

are normal and healthy, as a group they

have higher rates of subnormal growth,

adverse health conditions, and develop-

mental problems. The number and sever-

ity of these problems increases as birth

weight decreases. With the improved sur-

vival of more infants who were born too

soon or too small comes increased num-
bers of children bom with severe brain

damage. The occurrence of cerebral palsy

and other forms of brain injury' is highly

correlated with birth weight. Rates ofbrain

injury total approximately 7% for moder-
ately low birth weight infants (infants

weighing between 1,500 and 2,500 grams

[3 pounds, 5 ounces and 5 pounds, 8

ounces] ) and increases to 20% among the

smallest infants (infants weighing between

500 and 1,500 grams [1 pound, 2 ounces
and 3 pounds, 5 ounces]). Hack, Klein,

and Taylor also note that being born low

birth weight is considered an index of bio-

logical risk because infants born low birth

weight are more likely to have brain dam-
age and/or lung and liver disease.

At school age, children who were born
low birth weight are more likely than chil-

dren of normal birth weight to have mild

learning disabilities, attention disorders,

developmental impairments, and breath-

ing problems such as asthma.4 Children

born very low birth weight have more
learning problems and lower levels of

achievement in reading, spelling, and
math than moderately low birth weight

children. These problems are reflected in

much higher proportions of low birth

weight children than normal birth weight

children who are enrolled in special edu-

cation programs (see the article by Hack,

Klein, and Taylor). Approximately one-

half of all very low birth weight children

enroll in special education programs. The
adverse consequences of being born low

birth weight are still apparent in adoles-

Low birth weight infants have higher rates

ofsubnormal growth, adverse health

conditions, and developmental problems.

cence, and experts believe that these ab-

normalities will be lifelong and will not

improve as the children enter adulthood.

It must be emphasized that not all of these

adverse consequences can be attributed

solely to being born low birth weight.

Some of the less severe but more common
developmental and physical delays reflect

the fact that low birth weight children are

disproportionately more likely to come
from disadvantaged environments. How-
ever, it has not been possible to separate

the developmental and physical effects of

a disadvantaged environment from the ef-

fects of being born low birth weight.

Some of the devastating effects of be-

ing born low birth weight can be reversed.

Hack, Klein, and Taylor discuss how inten-

sive enrichment programs which provide

medical and educational services and sup-

port for both the parents and the child
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have been shown to improve short-term

developmental outcomes for low birth

weight children. Federal laws mandate
that services for school-age disabled chil-

dren (which include medical, educational,

psychological, occupational and physical

therapy, and other care) be expanded to

include family-based care for infants. At
present, these services are targeted to chil-

dren born with severe congenital disabili-

ties. The availability of services for moder-
ately low birth weight children who do not

have severe physical or biological prob-

lems varies from state to state, but for the

most part, these services are not widely

available.

It is not clear what the future holds for

tiny infants who only five years ago would
not have survived. Initial indications are

that a fraction of these very small infants

may not fare well and will require substan-

Cigarette smoking duringpregnancy, low

maternal weight gain, and low prepregnancy

weight accountfor nearly two-thirds ofall

growth-retarded infants.

tial commitments from their families, the

medical care system, the educational sys-

tem, and society in general.

While medical care and technology

have gone a long way toward improving

the survival of low birth weight infants,

preventing the occurrence of low birth

weight or preterm birth would be much
more advantageous. The next section

takes a realistic look at how and iflow birth

weight can be prevented.

Preventing Low
Birth Weight

The Causes of Low Birth Weight
and Preterm Birth

To prevent low birth weight and preterm

birth, it is necessary to know what causes

them and to determine the modifiable

factors that are highly related to these

causes. Alexander and Korenbrot empha-
size that very little is known about the

causes of low birth weight and preterm

birth despite an extensive amount of re-

search. Low birth weight that results from

suboptimal intrauterine growth is associ-

ated with three major risk factors: cigarette

smoking during pregnancy, low maternal

weight gain, and low prepregnancy weight.

These three risk factors account for nearly

two-thirds of all growth-retarded infants.5

Other risk factors for low birth weight in-

clude black race, first births, female sex,

short maternal stature, maternal low birth

weight, prior low birth weight birth, mater-

nal illnesses, fetal infections, and a variety

of metabolic and genetic disorders. While

these risk factors may provide important

clues about the causes of low birth weight,

many of them are only weakly related to

low birth weight and are generally not

modifiable by intervention programs or

changes in public policy. Even less is

known about the risk factors for early de-

livery. While there are several known risk

factors (cigarette smoking during preg-

nancy, prior preterm birth, low prepreg-

nancy weight, maternal exposure to

diethylstilbestrol [DES] ) ,
they account for

fewer than one-quarter ofpreterm births.5

Translating the current epidemiologic

knowledge about the causes of low birth

weight and preterm birth into practical

preventive care has been difficult and slow.

Despite clear and convincing evidence

that smoking cessation during pregnancy

can prevent growth retardation and low

birth weight, intensive smoking cessation

interventions are not a routine part of

most prenatal care programs. Nutritional

interventions do not have as strong or

clear an impact on low birth weight as

smoking cessation. Even if effective ways

could be found to prevent low prepreg-

nancy weight and to promote adequate

weight gain, these interventions would

help only the small subset of women who
are severely undernourished.

One of the more important clues about

the causes oflow birth weight and preterm

birth comes from the observation that

there are large ethnic group differences

in these outcomes. African-American in-

fants are two times more likely to be born

low birth weight or preterm than are white

or Asian-American infants. Epidemiologic

research has shown that these ethnic

group differences are not wholly ex-

plained by ethnic differences in the occur-

rence of various medical conditions, in

smoking or use ofother licit or illicit drugs,

or in use of prenatal care, or by demo-
graphic characteristics and other lifestyle

differences. Research to discover the rea-

sons for these curious ethnic group differ-

ences may shed some light on the causes
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of low birth weight and preterm birth as

well.

Medical care has been very successful

in rescuing the low birth weight infant.

However, much less progress has been
made in finding solutions to prevent pre-

term labor or low birth weight. It is logical

to think that monitoring the course of

pregnancy by providing prenatal medical

care might be one means of prevention.

Prenatal Care

Several national commissions have con-

vened experts from many disciplines to

determine how to prevent low birth weight

and infant mortality. 6-8 These commis-
sions have focused on one promising
area—prenatal care. Prenatal care varies

tremendously but usually includes a pack-

age of medical care services in a defined

schedule of visits. In addition to medical

care, prenatal care programs often include

comprehensive educational, social, and
nutritional services. While the structure

and content of prenatal care was not de-

veloped primarily to prevent low birth

weight, some data indicate that women
who receive prenatal care have fewer low

birth weight babies and lower infant mor-
tality. The effectiveness of prenatal care

and its components has not been ade-

quately evaluated, and the benefits of this

form of care have not been fully meas-

ured.9 Experimental studies have not been
done primarily because it is not ethical to

make random assignments of pregnant

women to a control group that does not

receive any prenatal care.

Recent analyses by Alexander and
Korenbrot in this issue cast doubt on the

degree to which prenatal care is truly ef-

fective in preventing low birth weight; self-

selection may have produced the apparent

advantage. Women who receive prenatal

care are a heterogeneous group, but are

generally healthier, more educated, and
more advantaged than women who do not

receive prenatal care. It is unclear whether
or not the observed decreased rates of low

birth weight among women who receive

prenatal care are due to the effectiveness

of prenatal care in preventing low birth

weight or are due to other differences be-

tween women who receive prenatal care

and those who do not. Rather than pre-

venting low birth weight, prenatal care

may be another indication of the many
health-enhancing behaviors that charac-

terize healthy, insured women who have

healthv children. Although prenatal care

provides a variety ofvaluable medical serv-

ices to pregnant women and fetuses (for

example, management of normal birth-

ing, maternal hypertension, and diabetes

in the mother and/or detection of con-

genital malformations and genetic dis-

eases in the fetus) evidence suggests that

prenatal care may not provide significant

benefits with respect to low birth weight

and preterm birth.

Nationally, there has been an increase

in the receipt of early prenatal care in the

past 20 years. In 1975, 72% of women
started prenatal care in the first trimester

of pregnancy." This number rose to 76%
in 1980, remained stable throughout the

1980s, and increased to 78% in 1992.7 .10

Even more notable is that over 98% of all

pregnant women currently receive some
form of prenatal care. 10 If use of prenatal

care actually did prevent low birth weight,

then one would expect a decrease in low

birth weight with increasing use of prena-

tal care over time. Population statistics do
not confirm this relationship, but these

statistics may not tell the entire story be-

cause changes in the underlying risk of the

population may have obscured the effect

of prenatal care on overall rates of low

birth weight. International comparisons

also raise questions about the ability of

prenatal care to reduce rates of low birth

weight. American women are more likely

than either German or Japanese women
to start prenatal care in the first trimester,

Little is done during the standard

prenatal care visits that could be

expected to reduce low birth weight

but rates of low birth weight and infant

mortality are higher in the United States

than they are in either Germany orJapan.

Alexander and Korenbrot also note

that recent analyses indicate little is done

during the standard prenatal care visits

that could be expected to reduce low birth

weight. For prenatal care programs to be

effective in reducing low birth weight,

these programs must target the known
causes of low birth weight. Instead, most

prenatal care programs are designed to

detect major complications of pregnancy,

not to prevent low birth weight. These

programs start too late to address the prob-
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lem of low prepregnancy weight, and few

of them include intensive efforts to en-

courage pregnant women to stop smok-
ing. New analyses also conclude that the

often-cited economic benefits of prenatal

care, which indicated that, for each dollar

spent on prenatal care, direct medical

costs savings of up to $3.38 would be real-

ized, may be overstated. 11 In these calcu-

lations, the benefits were derived from the

expected reductions in hospital stays and
intensive care required for low birth

weight infants. However, these benefits do
not accrue if prenatal care does not signifi-

cantly prevent low birth weight births. One
innovative effort to provide an enhanced
form of prenatal care 12 and other efforts

to provide intensive interventions to pre-

vent the onset of preterm labor have
largely failed to demonstrate reductions in

low birth weight. 13

Prenatal care is a package of necessary

services, and a number of benefits accrue

from the receipt of these services which do
not relate to the prevention of low birth

weight. Prenatal care is often an adult

woman's first contact with the medical

care system, and the screening she receives

may uncover manageable conditions

The Medicaid program broughtfederally

funded prenatal and pediatric care to

millions ofimpoverished pregnant women
and their children.

and/or treatable diseases which could af-

fect both the baby's life and her own. The

education a woman receives about the

pregnancy, labor and delivery, and caring

for the newborn is very important, particu-

larly for first-time mothers. Prenatal care

is also valuable for women who are impov-

erished because it links them with other

valuable social services. The legacy of pre-

natal care continues after the birth of a

child because women who receive this care

are more likely to get preventive care for

their infants. 14 Moreover, prenatal care

may have other positive outcomes which

are underassessed. All of these outcomes

and others that are as yet unmeasured have

potential economic benefits. Thus, the pre-

viously cited $3.38 savings for each dollar

spent on prenatal care needs to be reassessed.

Social Programs

Hughes and Simpson discuss how the

strong association between socioeconomic

status and health problems in children

(for example, low birth weight, infectious

diseases, asthma, failure to thrive, teenage

pregnancy, and child abuse) has resulted

in the development of social programs
aimed at reducing poverty and its devastat-

ing effects. While it is not clear how the

mother's socioeconomic status translates

into the birth of a low birth weight infant,

it is thought that poverty with its associated

reduced access to health care, poor nutri-

tion, lower educational levels, inadequate

housing, greater physical and psychologi-

cal stress, and fewer life satisfactions may
be responsible for some of the increased

risk for low birth weight. In the United

States, these programs have focused
mainly on improving access to health and
medical care for pregnant women, and on
temporarily reducing the effects of pov-

erty. However, it is not clear if these pro-

grams have had an important impact on
low birth weight. Certainly these social pro-

grams were developed to ease the effects

of poverty on children; in this they suc-

ceed. They should not be judged by their

uncertain impact on low birth weight.

Hughes and Simpson describe how the

introduction of the Medicaid program in

1965 and subsequent eligibility expan-

sions in the 1980s brought federally

funded prenatal and pediatric care to mil-

lions of impoverished pregnant women
and their children. Reductions in low birth

weight were found for women who were

newly covered by the Medicaid program,

but later expansions of eligibility to less

severely socioeconomically deprived
women were not associated with decreased

rates of low birth weight. However, it is not

clear how the provision of health care in-

surance even to women at highest risk

translates into reductions in low birth

weight, particularly since prenatal care ap-

pears to have only a small effect on reduc-

ing rates of low birth weight.

Other federal programs aimed at re-

ducing the effects of poverty have also

been implemented. The Special Supple-

mental Food Program for Women, Infants

and Children (WIC) provides pregnant

women with food vouchers, nutritional

education, and referrals to other health

and social services. The effects of the WIC
program on reducing low birth weight

births have been extensively evaluated,

and the results have been mixed. Income
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supports for impoverished pregnant
women became available with the start of

the Aid to Families with Dependent Chil-

dren (AFDC) program in 1935. The AFDC
program, more commonly called welfare,

is not nearly as well studied as the WIC
program. There is some indication that

the receipt of welfare is helpful in improv-

ing maternal weight gain during preg-

nancy, but there is little direct evidence to

show any relationship between income
supports obtained as part of welfare and
reductions in low birth weight or preterm

births.

Government-sponsored social pro-

grams for impoverished families were not

designed to reduce rates of low birth

weight or infant mortality, but to reduce

the financial barriers to medical care for

pregnant women and children, and some
of the devastating effects of poverty.

Therefore, it is not surprising to find that

solutions designed to eliminate extreme
poverty have made little impact on reduc-

ing national rates of low birth weight. The
key to preventing this major public health

problem does not appear to lie solely in

socioeconomic solutions. However, find-

ing ways to prevent low birth weight will

probably require discovering reasons for

the large variations in birth outcomes by

socioeconomic status.

Lifestyle

There are lifestyle choices a woman can

make to increase her chances of having a

healthy normal birth weight child.

Chomitz, Cheung, and Lieberman discuss

the role that individual behaviors such as

cigarette smoking, use of other drugs, and
diet play in determining fetal growth.

While women do make their own choices

with regard to individual behaviors and
overall lifestyles, they also face systemic,

psychosocial, biological, and attitudinal

barriers to lifestyle changes. In addition,

having a healthful lifestyle may not be a

high priority for many women who are

more concerned with day-to-day survival.

Women who are surrounded by poverty

and violence and go without adequate
housing, food, or employment may turn to

unheal thful lifestyle choices as a means of

coping. Chomitz and colleagues empha-
size that expecting women simply to

change their behavior without support

and attention from the health care system,

society, and influential people in their lives

is unrealistic and fosters the belief that

women are solely to blame for their unde-

sirable behaviors.

While there are several things women
can do to reduce their chances of having

a low birth weight infant, one action stands

out above all others

—

stop smoking cigarettes.

Cigarette smoking is the single largest

modifiable risk factor for low birth weight

and infant mortality. It accounts for up to

20% of all low birth weight. Smoking re-

tards fetal growth. On average, babies

born to smokers weigh about one-half

pound less than babies born to nonsmok-
ers. Women who quit smoking during

pregnancy significantly reduce the

chances that their baby will be born low

birth weight. However, most of these "pre-

ventable" low birth weight births would be
concentrated among those infants born at

or near term, who are moderately low

birth weight, whose prognoses are quite

good, and whose cost of medical care is

moderate. Smoking is also associated with

preterm birth, but this association is not

nearly as strong as that for low birth weight.

Scientists have known about the conse-

quences of smoking during pregnancy for

more than 35 years, but they have made
little progress in disseminating effective

interventions to help pregnant women
quit smoking or to keep young women
from becoming addicted. Most health care

providers are not trained to offer the spe-

cialized intensive services needed to help

women stop smoking; most insurers do
not cover the cost of smoking cessation

interventions; and the programs that do
exist do not focus on the smoker who is

pregnant. Smoking is not a casual activity

Cigarette smoking is the single largest

modifiable riskfactorfor low birth weight

and infant mortality.

that can be easily stopped at will; it is a

powerful addiction. The addictive powers

of nicotine are illustrated in the results of

a survey of drug addicts who reported that

quitting cigarettes was much more difficult

than quitting illicit drugs and alcohol. 15

Other behaviors, such as diet and the

abuse of alcohol and other drugs, while

important, do not have nearly the impact

on overall rates of low birth weight that

cigarette smoking has. Abuse of alcohol

and other drugs is associated with low birth

weight and preterm birth, but relatively
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few pregnant women engage in drug
abuse. The recent "epidemic" of cocaine

use in the United States did not have a

large effect on overall rates of low birth

weight or preterm birth and may have
been confined to local areas. 16 However,
some individual mothers and infants do
suffer from the effects ofdrug abuse. Many
women who desire to enter drug treat-

ment programs are turned away because
programs for drug-abusing pregnant
women are generally unavailable. 17

The situation is similar for diet. Be-

cause very fewwomen in the United States

are severely undernourished, only a small

subset of women might be helped by die-

tary interventions. In addition, little im-

pact on overall rates of low birth weight

can be expected by reductions in the num-
ber of women having inadequate weight

gain during pregnancy, low prepregnancy
weight, and abuse of alcohol and other

drugs during pregnancy. However, indi-

vidual women can benefit greatly by ab-

staining from using drugs during preg-

nancy and by paying careful attention to

their nutritional needs before and during

pregnancy. Prenatal care can play an im-

portant role in assisting women to main-

tain healthful lifestyles.

Recommendations

What should and could be done to reduce

the problem oflow birth weight and infant

mortality in the United States? Are there

areas of current research and practice that

should receive less attention? Are there

areas that need to be given higher priority?

In the following section, several important

steps that could be taken to reduce the

number of low birth weight and preterm

births in the United States are discussed.

Preventing Low Birth Weight
and Preterm Births

Smoking During Pregnancy

The most obvious way to decrease rates of

low birth weight and preterm birth is to

stop cigarette smoking during pregnancy.

Cigarette smoking during pregnancy
causes close to one-fifth of all low birth

weight births and is the single most impor-

tant known cause of low birth weight.

Focus additional resources on stopping ciga-

rette smoking during pregnancy. Because of

the highly addictive nature of nicotine,

preventing young women from starting to

smoke cigarettes should be a high priority.

This will require a multilevel commitment

from society, schools, medical care sys-

tems, insurers, families, and individuals.

Because cigarette smoking is not likely

to be totally abandoned in our society,

additional resources should be applied to-

ward helping women quit smoking during

pregnancy. These resources need to be
allocated to two related areas: developing

more effective ways to help pregnant
women quit smoking and determining
where and how best to implement these

interventions. Because nicotine is such an
addictive drug, the success rates of most
smoking cessation intervention programs
are low. Only 9% to 27% of women who
participate in these programs are able to

quit smoking during pregnancy, and an
additional 17% to 28% reduce the amount
smoked (see the article by Alexander and
Korenbrot) . Moreover, many women who
do quit during pregnancy relapse quickly

after the birth of the baby. 18 The nicotine

patch or gum, one of the more effective

ways to help smokers quit, is not recom-
mended for use during pregnancy. 18

Thus, to make a measurable impact on
reducing rates of low birth weight, new
and innovative ways to help pregnant
women quit smoking are urgently needed.

Developing ways to integrate smoking
cessation interventions into prenatal care

seems a logical first step because most
pregnant women have contact with health

care providers during this period. How-
ever simple this appears, it will not be easy,

as very few health care providers are pre-

pared to offer such specialized care. Train-

ing in smoking cessation should be an
integral part of the education ofphysicians

and other reproductive health workers.

The effectiveness of utilizing other, non-

medical providers to institute smoking ces-

sation programs for pregnant women
within the prenatal care setting and else-

where should be evaluated. These smok-

ing cessation services ideally should be
closely linked with prenatal care but need
not rely on medical care providers to ad-

minister them.

Making sure smoking cessation programs are

part of every health insurance package would

provide the economic means to pay for these

smoking cessation activities. Studies of the

cost-effectiveness of smoking cessation

interventions in pregnancy show that rela-

tively small investments in these inter-

ventions can have benefits. 19 Costs for

smoking cessation interventions may easily

be recovered by reductions in medical

costs of caring for low birth weight in-
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fants 19 and in the need for chronic care

for both mother and child in later life.

Prenatal Care

Recognize thatfor all the valuable contribu-

tions prenatal care makes to maternal and child

health, in its presentform it does little to prevent

low birth weight orpreterm birth. From a medi-

cal perspective, the purpose of prenatal

care is to diagnose and treat a variety of

medical conditions that affect the mother
and fetus. The medical conditions uncov-

ered during prenatal care affect only a

relatively small proportion of all pregnant

women and many of these conditions,

while important, do not cause low birth

weight. However, this should not be inter-

preted to mean that prenatal care has no
value. Prenatal care provides a number of

benefits which do not relate direcdy to the

prevention of low birth weight. These in-

clude prevention of maternal deaths; edu-

cation regarding pregnancy, labor and
delivery and newborn care; the potential

for linking disadvantaged women to im-

portant social services; and an increased

likelihood that newborns will receive

needed preventive care. These and other

positive outcomes must be considered in

any complete evaluation of prenatal care.

However, even the best prenatal care alone

cannot be expected to solve the dual prob-

lems oflow birth weight and preterm birth.

Concentrate resources on improving the con-

tent and structure ofprenatal and obstetric care.

Prenatal care is an important well-used set

ofsendees; not enough, however, is known
about the effectiveness of the various com-
ponents of that care. The content of pre-

natal care visits is highly variable, and little

is known about how well that content cor-

responds to the needs ofpregnant women.
Members of a national panel agree that, at

a minimum, quality prenatal care should

include early and continuing risk assess-

ment, health promotion, and medical and
psychosocial interventions and follow-up.

The content of prenatal care visits should

vary depending on the risk status of the

pregnant woman and her fetus.9 It is

thought that quality care could be pro-

vided in fewer prenatal visits, and the

schedule of visits should be rearranged so

that more visits occur early in the preg-

nancy and fewer visits occur in the third

trimester. The timing of visits should be

flexible, and the various aspects of care

should be integrated to minimize the num-
ber of visits by the woman and the amount
of inconvenience to her.9 If prenatal care

is also to be used as a vehicle for the pre-

vention of low birth weight and preterm

birth, care as practiced today needs to be

wholly reexamined and restructured to

emphasize those elements that can realis-

tically be expected to have a positive im-

pact. In addition, access to prenatal care,

while good, is not universal. Improve-

ments in the availability and accessibility of

prenatal care are needed, particularly for

women who are impoverished or are from

disadvantaged groups.9

Develop a concerted program of women's

health that includes prepregnancy counseling.

Women's health programs that include

prepregnancy care should be developed to

educate women who are considering preg-

nancy about things they should do before

becoming pregnant. For example,
prepregnancy care has the potential to

prevent the occurrence of a serious but

rare birth defect, spina bifida, which some-

times is caused by extreme dietary defi-

ciencies in folic acid. This is possible only

if women are aware of the risk, are

screened for diets deficient in folic acid,

and if found deficient, are encouraged to

take appropriate dietary supplements to

assure that they have an adequate intake

of folic acid. This intervention will work
only if supplements are taken around the

time ofconception and in early pregnancy.

In addition, assuring that women are im-

mune to rubella, controlling the effects of

diabetes, and treating sexually transmitted

diseases should be done before pregnancy.

Because conventional prenatal care is in-

itiated several months after conception, it

is not designed to address these and other

events that occur before or very early in

pregnancy.

Encourage obstetricians to make urider and

morefrequent use ofprenatal corticosteroid treat-

ment. Each year a sizable number ofwomen
have preterm births, and most could bene-

fit from prenatal corticosteroid treatment.

While corticosteroid treatment does not

actually prevent preterm birth, it has the

potential to reduce serious lung disease

and brain damage, and to improve the

chances for survival among preterm in-

fants. 20 Despite very convincing evidence

supporting the effectiveness of this treat-

ment, it is currently being offered to only

a small minority of the pregnant women
who should be receiving it. The infrequent

use of such an important therapy brings

into question the ability of the medical

profession to reach individual physicians

with the most current, effective therapies.
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Research Needs

Two important areas of research—basic

science research and medical and
epidemiologic research—will provide the

information needed to understand the

process of labor and delivery and the

causes of low birth weight and preterm
birth and will make it possible to prevent

these adverse outcomes. The problem of

low birth weight is a serious one and has

an important economic component. Ac-

cording to Lewit, Baker, Corman, and
Shiono, the annual estimated costs of low
birth weight ($6 billion adjusted to 1988

dollars) are more than two times that of

AIDS among persons of all ages ($2.4 bil-

lion adjusted to 1988 dollars). Yet, low
birth weight receives much less attention

and fewer research dollars than AIDS.

Basic Science Research

Focus additional resources on finding out

what triggers preterm labor. Being born too

soon is the main cause of low birth weight

and infant mortality in the United States.

Finding outwhat causes preterm labor and
the factors that trigger this process will

provide the basic knowledge needed to

develop and test new ways to prevent pre-

term birth. At present, there are few clues

to guide the search for causes of preterm
labor. Nathanielsz notes in his article that,

in normal pregnancies, the fetus deter-

mines the duration of the pregnancy, and
this duration is linked very closely to the

maturation of the fetus's vital organs. The
initiation of labor also appears to be con-

trolled by the fetus. Specific hormonal
changes in the fetus cause the mother's

body to produce the signals that initiate

labor. Determining the mechanisms for

even one of the many critical points in this

complex process of labor may make it pos-

sible to develop preventive therapies and
drugs that could interrupt the process of

preterm labor.

The observations by Nathanielsz that

the birthing process is a complex multifac-

torial system of interconnected physiologi-

cal mechanisms and that preparatory

changes occur in the fetus and mother
several weeks before labor begins suggest

the need to concentrate on the study of

preterm labor early in the pregnancy. The
effect of infectious agents on the placenta

and other parts of the reproductive system

also needs to be investigated. Initial stud-

ies have shown a connection between in-

fections and preterm labor, but how and
if these infections actually initiate the

process of labor in humans is not known.

Efforts to find drugs that will suppress or

delay preterm labor are ongoing. Cur-

rently, drugs to prevent preterm labor are

only effective in delaying birth for one to

two days; however, several promising new
therapies are being tested. Moreover, be-

cause the fetus plays a key role in deter-

mining the initiation of labor, research on
the initiation of labor in humans needs to

take a more intensive look at the fetus,

particularly the fetal brain and fetal devel-

opment, to understand the labor process.

Epidemiologic and Medical Research

Focus resources on discovering the causes of

the differences in the rates ofpreterm birth and
low birth weight among racial and ethnic

groups. One of the most important clues

about the cause of preterm birth and low

birth weight comes from the observation

that there are large racial and ethnic group
differences in these outcomes. African-

American infants are twice as likely as in-

fants of nearly all other ethnic/racial

groups in America to be born low birth

weight and to be born preterm. Discover-

ing the reasons for these racial differences

may provide clues to the causes ofpreterm
birth and low birth weight.

Research in the past decade has not

uncovered the reasons for these large eth-

nic group differences in low birth

weight. 21-24 This work has examined the

effects of a number of behavioral, socio-

economic, or medical risk factors such as

smoking, drug use, inadequate use of

medical care, poor health conditions, in-

fections, poverty, employment, physical

exertion, poor nutrition, stress, and lack

of social support. Interestingly, Hispanic

and Asian-American women who have
similar levels of poverty to African Ameri-

cans have rates of low birth weight and
infant mortality comparable to white in-

fants. This provides some evidence that

poverty may not be the sole reason for the

high rates of infant mortality among Afri-

can Americans. 21 While it is valuable to

know what does not cause the racial group
differences in low birth weight and pre-

term birth, more emphasis needs to be

placed on studying the basic biological

differences between the racial groups
which may be responsible for these dis-

parities.

Another important observation is that

the average birth weights of African-

American and Asian-American infants are

approximately one-half pound less than

those of white infants. 21 However, in spite

of their lower average birth weights, the
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rate ofinfant mortality forAsian-American

infants is the same as or lower than the

rate for white infants. 25 In contrast, Afri-

can-American infants have average birth

weights that are similar to those of Asian-

American infants, yet African-American

infants are twice as likely to die as either

white or Asian-American infants.25 These
observations illustrate the apparently nor-

mal variations in the birth weight distribu-

tion, with two groups—whites and Asian

Americans—having very different birth

weight distributions, yet similar rates of

low birth weight and infant death. This

leads to the conclusion that merely having

small babies is not the entire problem, but

that as-yet unknown factors predispose Af-

rican Americans to having very small pre-

term infants who are more likely to die.

However, simple measures such as birth

weight and gestational age are not enough
to explain important ethnic group differ-

ences in outcomes.

One area of needed research is the

potential biological or genetic differences

between the racial and ethnic groups

which distinguishes between the low birth

weight that occurs as a result of normal
variability in infant size and the low birth

weight that occurs as a result of environ-

mental and/or biological injury. It ap-

pears likely that a disproportionate num-
ber of African-American low birth weight

births occur as a result of environmental

and/or biological injuries, and not as a

result of normal variations in infant size.

Normal variability in size would not be

responsible for the doubled rate of infant

mortality, whereas, an increase in the

number of low birth weight infants born

as a result of these injuries could result in

increased rates of infant mortality. How-
ever, the degree to which the observed

differences in low birth weight and early

delivery among the racial or ethnic groups

reflects normal biological variation is cur-

rently unknown. If social and economic
reasons are not the dominant cause of

these racial differences, then these obser-

vations cry out for biological explanations.

Simultaneously emphasize the role ofsocioeco-

nomic, environmental, and lifestyle factors

along with genetic and physiologicalfactors in

future research. What makes the African-

American fetus more likely and the white

or Asian-American fetus less likely to initi-

ate preterm labor? The answers to these

questions will probably be multifaceted. At

the root of the question is the complex
interplay of individual susceptibility and

the multitude of potential environmental

stimuli. One way to begin to answer this

question is to focus more closely on preg-

nancy and labor among African Americans
and to look for physiological differences in

these processes which might provide clues

about the racial disparities in infant mor-

tality. A clear understanding ofwhy babies

are born too early and sick may make it

possible to eliminate these ethnic differ-

ences in infant mortality.

Caring for Low Birth Weight
and Preterm Infants

Develop ways to improve the quality of medi-

cal care by assuring that proven, effective tech-

nologies are used and disseminated, and that

ineffective technologies are abandoned. The tre-

mendous advances in neonatal intensive

care technologies over the past 20 years

carry a high price tag. Low birth weight

infants make up 7% of all infants, but 35%
of the dollars spent on health care for

infants goes toward their care, with nearly

half of these dollars going toward the care

of the tiniest infants. A disturbing majority

of specific technologies, procedures, and
therapies included as part of this intensive

care have never been adequately tested for

their effectiveness.

Because of the high cost and experi-

mental nature of many neonatal intensive

care technologies and therapies, it is cru-

cial that the evaluation of these technolo-

gies and therapies receive particular

attention. It is especially important to

study the subset of extremely tiny infants

who are now surviving as a result of this

intensive care. Tyson makes the point that

many, if not most, of the interventions

practiced as part of neonatal intensive care

have not been formally evaluated in clini-

cal trials. Clinical trials should be set up
on a national basis which would allow the

families of these tiny newborns the oppor-

tunity to join ongoing studies. Perhaps

study of the efficacy of neonatal intensive

care could be modeled after the Chil-

dren's Cancer Group and the Pediatric

Oncology Group, which enroll the vast

majority of children diagnosed with can-

cer into randomized trials that test the

efficacy of different forms of treatment for

these rare conditions. In this way, the care

of these infants could be studied, and the

valuable information about their care and

treatment is used to improve future care.

Information about the long-term conse-

quences of these intensive care proce-

dures should also be combined with data

on the cost of caring for these infants.
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Promoting only those technologies that

are proven to be effective and abandoning
those that are ineffective will conserve

health care dollars and keep infants from
receiving unnecessary, often invasive pro-

cedures.

Clinical evaluation science is a new and
growing field which could provide the in-

frastructure to help improve the quality of

medical care for women and children.

Techniques such as meta-analysis, in

which evidence from several clinical trials

is objectively synthesized, are being used
to develop practice guidelines which pro-

vide clinicians with current information

about how to care for particular illnesses.

In addition to helping physicians decide

how to treat particular conditions, clinical

evaluation science takes the next very im-

portant step and concentrates on develop-

ing more effective ways to help physicians

actually change the way they practice

medicine. The goal of clinical evaluation

science is to rely on data-driven solutions

rather than on chance occurrences to di-

rect the practice of medicine. To make this

form of quality improvement work re-

quires a team approach among health care

providers, insurers, and consumers.

Define what care, if any, should be given to

the most immature, malformed, or sick infants.

While future research will further define

the effectiveness of the specific technolo-

gies used as part ofneonatal intensive care,

resources need to be focused on how to

decide which infants should be adminis-

tered intensive care and which infants

should be treated with "comfort care."

Without intensive care, most of the very

small, sick infants will die soon after birth.

However, while intensive care may have

the power to save some of these infants, it

also has the power to prolong the pain, the

suffering, and the process of dying for

many others. Federal child abuse laws re-

quire the use of intensive care for all criti-

cally ill infants, except when the care is

futile or inhumane. However, the interpre-

tation and application of this law has been
inconsistent because the law as written pro-

vides very little practical guidance for cli-

nicians and families on how to determine

if care is futile or inhumane. Practical

guidelines are needed to help families and
physicians make decisions regarding the

care of critically ill infants whose chances

for survival are poor. These guidelines

should assure that the interests of the in-

fant, the parents, health care providers,

and society are represented without creat-

ing a bureaucracy that interferes with the

patient-physician relationship.

Increase supportfor programs to define new
and better ways to meet the wants and needs of

distraughtparents who are likely to befaced with

the birth of a critically ill baby. Strategies

should be developed to help assure that

parents are informed about the condition

of their infant, the treatment options, and
the future prospects for their child's devel-

opment. Ideally, discussions should occur

between the parents and health care

providers before the birth of an affected

child so that parents are able to make these

very difficult decisions outside a crisis situ-

ation. The potential for creating undue
concern among parents must be balanced

with the desirability ofhaving them be fully

informed about the numerous but ex-

tremely rare potential adverse outcomes.

The role of parents, medical care provid-

ers, researchers, policymakers, and society

in the process of making crucial decisions

about the care of these extremely fragile

and tiny infants also needs to be clarified.

Maintain a constant and ongoing commit-

ment to children who are born low birth weight

or preterm. Commitment to these children

should not stop when they go home from
the hospital. Most low birth weight and
preterm infants grow up to be healthy

adults. However, some low birth weight

infants are not so lucky. These infants

—

particularly the extremely low birth weight

infants and their families—must learn to

cope with challenging lifelong disabilities.

Data show that the adverse health and
developmental effects of being born low

birth weight can often be reversed. Federal

laws also mandate services for disabled

children, including those with disabilities

resulting from being born low birth

weight. Additional resources should be

provided to assure that these disabled chil-

dren receive the health, educational, psy-

chological, and social services they need.

In the current wave of deregionaliza-

tion, neonatal intensive care for critically

ill newborns appears to be moving from
centralized university-based settings to

more diffuse suburban settings. As part of

regionalization of care, multiservice fol-

low-up clinics were also strategically placed

at university-based hospitals which had the

capacity to serve a large regionalized popu-

lation and staff these centers with the nec-

essary highly trained medical and develop-

mental specialists. These multiservice

clinics have made it possible for families

with children who have serious medical
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and developmental problems to receive

high-quality coordinated care in an effi-

cient way. Whether diffusion of intensive

care will enhance access to existing region-

alized centers or inadvertently introduce

new barriers for families ofvery ill children

who need follow-up services after they

leave the hospital is unclear. Local action

may be required to assure that needed
services are available to these children.

Conclusion

Public health measures such as population

rates of low birth weight, preterm birth,

and infant mortality are important indica-

tors of the status of a nation's health. On
a population level, these measures provide

an objective overview of the ability to apply

specific knowledge of the basic sciences,

medical care, social programs, and the

consequences of lifestyle behaviors in pre-

venting these undesirable outcomes.
Charting rates of low birth weight and
other population measures over time also

provides an indication of how national

policy should be directed.

Implementing social and medical pro-

grams that are specifically targeted to im-

prove these public health measures makes
good sense, particularly when they are de-

signed using existing unbiased knowledge

about the causes of the problem and how
to implement such preventive programs

effectively. However, benefits should not

be attributed where none exist. Expecting

social programs such as Aid to Families

with Dependent Children, WIC, and Medi-

caid, and medical care programs such as

prenatal care to reduce national rates of

low birth weight, preterm birth, and infant

mortality significantly is unwarranted, par-

ticularly since these programs were not

specifically designed to impact these pub-

lic health measures. Public health advo-

cates need to be wary of exaggerating the

claims of such programs and not be

tempted to ascribe positive outcomes
where none exist.

Alternatively, these established medi-

cal and social programs should not be

abandoned merely because they do not

impact on population public health meas-

ures. Taking such a narrow view of the

benefits of these social and medical pro-

grams severely underestimates their po-

tential benefits. Further, the benefits of

medical care provided to an individual

clearly exist even though changes in gen-

eral population statistics cannot be dem-
onstrated. It is particularly crucial, in the

current political and economic climate

which is focused on finding ways to de-

crease government involvement, not to be

tempted to abandon important programs

based on a very narrow view of efficacy.

If policy directions are to be guided by

current knowledge about preventing the

major cause of infant mortality, low birth

weight, and preterm birth, then the focus

must be on those practices and technolo-

gies that clearly are effective. While there

is an urgent need to know more about the

physiological mechanisms that trigger pre-

term birth, produce growth retardation,

and heighten the risk of infant mortality,

there is no need to wait for major break-

throughs in these areas to reduce the num-
ber of infants born low birth weight. Sev-

eral proven means exist to prevent these

tragic birth outcomes, and they should be

fully utilized now.

Patricia H. Shiono

Richard E. Behrman
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The Problem of
Low Birth Weight
Nigel S. Paneth

Abstract

Low birth weight is a major public health problem in the United States, contributing

substantially both to infant mortality and to childhood handicap. The principal

determinant of low birth weight in the United States is preterm delivery, a phenome-
non of largely unknown etiology. Preterm delivery is more common in the United

States than in many other industrialized nations, and is the factor most responsible

for the relatively high infant mortality rate in the United States.

Within the United States, Asian populations experience the lowest preterm delivery

rates, while Hispanic and Native American populations experience slightly higher

preterm delivery rates than the white population. African Americans, however, have

much higher rates of preterm delivery than any of the other major ethnic groups.

Poverty is strongly and consistently associated with low birth weight, but the precise

social and environmental conditions that produce preterm delivery have not been
elucidated. Although it is popular to link illicit drug use to low birth weight, a high

low birth weight rate was characteristic of the United States for decades before the

cocaine epidemic of the 1980s.

Neither the low birth weight rate nor the preterm delivery rate has improved in the

United States in the past quarter century. Most efforts to prevent prematurity or low

birth weight, when carefully evaluated, have not proven effective. A major goal of

biomedical research ought to be better understanding of the causes of this important

public health problem.

Nigel S. Paneth, M.D.,

M.P.H., is professor of

pediatrics and epidemi-

ology at Michigan State

University, College of

Human Medicine, Pro-

gram in Epidemiology.

Low birth weight is, at once, a public health problem of the first rank

and a scientific problem of immense interest. As a public health

problem, its high priority stems from the facts that it is the major

determinant of infant mortality in developed countries and that it con-

tributes substantially to the overall burden of childhood handicap. Both

low birth weight (conventionally defined as less than 2,500 grams, or 5

pounds, 8 ounces) and its major antecedent, preterm delivery (usually

referring to birth prior to 37 completed weeks of gestation), are more
common in the United States than in most other Western European

nations, and these differences account for our nation's relatively poor

infant mortality. Moreover, the African-American population in the

United States experiences an especially high prevalence of low birth

weight and preterm births, which fuels the black-white gap in infant

mortality and indicates that equality ofopportunity for life is an American

ideal unfulfilled even at birth.
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At the same time, we must acknow-
ledge that low birth weight is not a simple

public health problem. Of the many solu-

tions that have been proposed (often en-

thusiastically) to remedy this serious disor-

der, few, if any, have proven effective. In

Low birth weight and/or preterm
delivery arefactors in most neonatal

deaths in the United States.

spite of advances in the medical care of

pregnancy and delivery, and the introduc-

tion of a variety of programs that have

substantially increased the access of im-

poverished populations to that care, the

proportion of births that are low birth

weight has changed little in the United

States in the past 30 years, and the differ-

ence in this index between black and white

populations has not lessened. Although

medical innovation has played a major

role in lowering infant mortality, its impact

on the prevalence of low birth weight ap-

pears to have been minimal.

Thus, it is not sufficient to assert that

low birth weight is a societal problem, solv-

able, in the present state of knowledge,

through the further application of estab-

lished social and medical programs.
Rather, better understanding of the na-

ture of low birth weight and preterm de-

livery must be made a high scientific pri-

ority.

Three principal concerns have focused

public attention on the problem of low

birth weight. These are

the impact of low birth weight on infant

mortality and subsequent morbidity,

the social class and ethnic gradients in

low birth weight, and

the relatively high infant mortality rate

in the United States.

Low Birth Weight and
Infant Mortality and
Later Morbidity

In industrialized countries, infant mortal-

ity is closer to birth, both in time and in its

relationship, than in developing coun-

tries. The largely infectious and nutri-

tional diseases that cause 10% or more of

infants to die by their first birthday in

much of the world occur, for the most part,

after the immediate neonatal period. Hav-

ing conquered these causes ofinfant death

in industrialized nations, we now find that

the approximately 1% of infants who die

in the first year of life most often do so in

the first few weeks after birth. Neonatal

(first month) mortality accounts for about

three-quarters of infant (first-year) mortal-

ity in most industrialized countries. Thus,

the immediate outcome of pregnancy de-

termines infant mortality in industrialized

countries, and the chief indicator of how
pregnancy has progressed is the infant's

birth weight.

Low birth weight is, in fact, so directly

related to neonatal mortality that the rela-

tive position of each state's neonatal mor-

tality rate can be predicted with reason-

able accuracy from the proportion of low

birth weight infants (those weighing less

than 2,500 grams, or 5 pounds, 8 ounces,

at birth) among live births. (See Figure 1.)

An even better prediction can be obtained

from the very low birth weight rate (the

proportion of births weighing less than

1,500 grams, or 3 pounds, 5 ounces). Un-
like infants weighing less than 2,500 grams

at birth, very low birth weight infants are

virtually always born preterm, and their

mortality is considerable even in the pres-

ence of intensive care.

Low birth weight and/or preterm de-

livery are factors in most neonatal deaths

in the United States. In New York City

between 1976 and 1978, 73.7% ofneonatal

deaths in white infants and 83.4% of those

in black infants occurred in babies who
either weighed less than 2,500 grams or

were born prior to 37 weeks of gestation. 1

Low birth weight and, especially, very

low birth weight infants are also predis-

posed to a variety of neurodevelopmental

disorders and later suboptimal health, a

topic reviewed in detail by Maureen Hack
and colleagues in this journal issue. The
most important of the major handicaps to

which low birth weight infants are suscep-

tible is cerebral palsy, found about 25

times more commonly in children who
had been very low birth weight infants.2 In

addition, deafness,3 blindness,4 epilepsy,5

chronic lung disease,6 learning disabili-

ties, and attention deficit disorder
17

are all

found more commonly in low birth weight

infants. Moreover, because the incidence

of low birth weight is strongly associated

with poverty, low birth weight children

often suffer the added burdens posed by

inadequate environments which interact
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Figure 1

Prediction of Neonatal Mortality from Low Birth Weight Rates in the 50 States and
Washington, D.C.

Regression analysis for 50 states and D.C: r=0.83, a=-.42, b=0.81 , and P<0.0001 . Regression analysis for 50 states excluding

D.C. (r=0.70, a=.70, b=0.64 and P<0.0001) is not shown.

Sources: Lee. K.. Paneth, N.. Gartner, L.M.. and Pearlman. M. The very low birth weight rate: Principal predictor of neonatal mortality in

industrialized populations. Journal of Pediatrics (1980) 97,5:759-64; National Center for Health Statistics, Advance report of final natality

statistics. 1992. Monthly Vital Statistics Report, Vol. 43, No. 5, Suppl. Hyattsville, MD: Public Health Service, 1994; National Center for Health

Statistics. Advance report of final mortality statistics, 1992. Monthly Vital Statistics Report, Vol. 43, No. 6. Suppl. Hyattsville, MD: Public Health

Service, 1994.

with biological forces to increase yet fur-

ther the extent of cognitive and functional

disability.

Social Disadvantage
and Low Birth Weight

Low birth weight is the central biological

mediator of the relationship of social class

and economic conditions to infant mortal-

ity in industrialized countries. Virtually all

of the several indicators of parents' social

position (occupation, educational

achievement, income, marital status)

which are associated with infant mortality

exercise their effect by altering the birth

weight distribution. 8 A detailed review of

the nature of these relationships is given

by Hughes and Simpson in this journal

issue. But by what mechanism is social

disadvantage translated into low birth

weight?

At first glance, an obvious mechanism

is nutrition: poorwomen might have lower

caloric intake which impairs fetal growth

and results in low birth weight. However,

because caloric restriction (as contrasted

to other forms of malnutrition) is not
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widespread in the United States, and be-

cause caloric supplementation appears to

have only a modest effect on birth weight

in the United States,9 this mechanism
would appear to explain little of the social

The social and economic conditions in which

preterm delivery and low birth weight thrive

are more prevalent in the United States than

in other industrialized nations.

gradient of low birth weight in the United

States. A more likely mediator is smoking
during pregnancy. Smoking exhibits a

clear social class gradient in most devel-

oped countries with the poorest mothers
smoking the most. 10 As noted by Chomitz
in this journal issue, smoking has a pro-

nounced effect on fetal growth, and at

least some of the social class gradient in

low birth weight can therefore be ex-

plained by differences in smoking habits.

But neither of these two mechanisms
is very strongly linked to preterm delivery,

and it is preterm delivery that underlies

most low birth weight in the United States.

Preterm delivery, like low birth weight, is

related to socioeconomic circumstances,

but as yet, no mechanism has clearly elu-

cidated the relationship of social class to

preterm delivery. Research to develop bet-

ter understanding of the mechanism or

mechanisms by which disadvantaged so-

cial circumstances are translated into

shortened gestation should be high on the

scientific agenda.

International Comparisons
of Infant Mortality

The United States ranks 22nd in infant

mortality among nations. 11 Infant mortal-

ity is lower in all five Scandinavian nations,

in much of the rest ofWestern Europe, and
in Japan, Singapore, and Hong Kong. If

the white population of the United States

was considered separately, it would rank

no better than 13th in the international

comparisons. 11
'
12

These differences are explainable by

the higher rate of low birth weight and
preterm delivery in the United States.

When U.S. and Scandinavian infants of

the same birth weight are compared, it is

found that mortality is actually lower in the

United States. 13 This mortality pattern in-

dicates that our response to low birth

weight has been effective at the level of

treatment but not at the level of preven-

tion. At the same time, it indicates that the

social and economic conditions, still

poorly understood, in which preterm de-

livery and low birth weight thrive are more
prevalent in the United States than in

other industrialized nations with similar or

even fewer economic resources.

Figure 2 shows that infant mortality

parallels the low birth weight rate and the

preterm birth rate quite consistendy in

international comparisons.

The Scandinavian nations with low in-

fant mortality rates have very low propor-

tions of low birth weight and preterm

births, especially in their upper social

classes. In Sweden, the socioeconomically

most privileged mothers deliver before 37

weeks in only about 4% of their pregnan-

cies, 14 less than half the rate for U.S. whites

and less than a quarter the rate for U.S.

blacks. Hungary has long been an outlier

among European nations for its high in-

fant mortality rate. The Hungarian low

birth weight rate of 9.0% is higher than

that of most other European nations, and
the low birth weight rates for less educated

Hungarian women (23.3%) 15 are as high

as those found anywhere in the world,

including among African Americans in

Detroit (25.7%). 16 Thus, in Europe, as in

North America, infant mortality reflects

quite closely the prevalence of low birth

weight and preterm delivery.

A Closer Look at

Low Birth Weight

The first step in better understanding any

public health problem is developing a lan-

guage to describe it accurately. Low birth

weight at first glance seems to be a simple

concept: any baby below a certain thresh-

old ofweight is a low birth weight baby. But

what threshold? And should it be the same
for babies of all types and from all popula-

tions? Are there different kinds of low

birth weight babies?

The World Health Organization
adopted, in 1950, the figure of less than

2,500 grams (or 5 pounds, 8 ounces) as a

universal definition of low birth weight,

and this figure has been used in most

studies of the subject for the decades

since. 17 But populations vary considerably

in the size of their babies at birth. At one

extreme, mean birth weight among in-
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Figure 2

International Comparison of Birth Outcomes
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Sources: Proceedings of the international collaborative effort on perinatal and infant mortality. Vol III. DHHS/PHS
92-1252. Hyattsvllle. MD: National Center for Health Statistics. 1992; Kohler. L. and Jakobsson. G. Children's health

and well-being in the Nordic countries. London: Mac Keith, 1987; Berkowitz, G.S., and Papiernik. E. Epidemiology of

preterm birth. Epidemiology Reviews (1993) 15:414-43; World Health Organization. World health statistics annual.

1991. Geneva: WHO. 1 993; World Health Organization. United Nations demographic yearbook, 1986. Geneva: WHO.
1988; National Center for Health Statistics. Advance report of final natality statistics. 1991. Monthly Vital Statistics

Report. Vol. 42. No. 3. Suppl. Hyattsville. MD: Public Health Service. 1993; National Center for Health Statistics.

Advance report of final mortality statistics. 1991. Monthly Vital Statistics Report, Vol. 42, No. 2, Suppl. Hyattsville, MD:
Public Health Service, 1993.
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fants born in India is about 2,900 grams

(6 pounds, 6 ounces); at the other, the

average Swedish baby weighs 3,500 grams

(7 pounds, 11 ounces). African-American

babies weigh on average about 250 grams

(9 ounces) less at birth 18 and Asian-Ameri-

can babies, about 150 grams (5 ounces)

less, 19 than do white American babies,

who, in turn, weigh 100 to 150 grams (4 to

5 ounces) less than Scandinavian babies.

Do these average birth weights reflect

the diversity of human biology or the ef-

fects of social disadvantage? On the one

A baby is small at birth either because it was

born too soon, because it grew too slowly in

utero, or because ofsome combination of the two.

hand, we do not wish to ignore threats to

human health by suggesting that differ-

ences in certain biological parameters are

"natural." But on the other hand, we
would be wrong to adopt a standard for

anthropometric measurements derived

from a population of European origin and
claim that it must apply to everyone. One
way of reconciling these perspectives is to

see if the variation in birth weight among
populations can be separated into patho-

logical and nonpathological components.

Within quite a large range of human
birth weights and a somewhat narrower

range of durations of gestation, infant

mortality varies little and makes only a

small contribution to the overall infant

mortality picture. This variation is exem-
plified by comparing Indian populations

in England to their compatriots of Anglo-

Saxon origin. Although mean birth weight

is sharply lower (by almost 250 grams, or

9 ounces) in the offspring of Punjabi im-

migrants, perinatal mortality is not af-

fected. 20 This difference in average birth

weight appears simply to reflect the ge-

netic diversity of humankind.

Like adult height, variation in birth

weight of this sort confers no intrinsic

health advantage or disadvantage. But if

we choose a universal threshold below

which we define low birth weight, we will

mistakenly define Indian immigrants as a

population with a high incidence of a

pathological condition.

Infant mortality is most substantially

affected by variation of the lowest tail of

the birth weight distribution, and it is note-

worthy that birth weight in all sizable

populations is not quite normally distrib-

uted, but has a larger lower tail than ex-

pected, reflecting an excess of small ba-

bies. Several mathematically oriented

investigators, including Ashford, Brimble-

combe, and colleagues21 -22 and Wilcox

and Russell,23-25 have argued that the

roughly normal birth weight curve in any

population is really a mixture of two distri-

butions, one of the normal population and
the other of a pathological group of babies

(referred to as the "residual" distribution)

in whom small size is a reflection of some
unhealthy maternal or fetal condition.

But just as it is not easy to tell, without

obtaining further information, whether a

child small for its age is a healthy small

child or has a medical condition interfer-

ing with growth, it is not simple to separate

these overlapping populations oflow birth

weight infants. Wilcox and Russell have

suggested a method for separating the two

and have made an argument that the dif-

ference in the United States between Afri-

can-American and white birth weights is

partly due to a lower average birth weight

among apparently healthy African-Ameri-

can babies and partly due to an excess of

babies with very low birth weight who have

a substantial excess risk of mortality.26

Comparingjapanese babies to African-

American babies, as was done recently by

Kleinman,27 illustrates the value of this

distinction. Japanese babies are not par-

ticularly large; median birth weight is

about the same as that for U.S. blacks,

about 3,200 grams (or 7 pounds). But

these two populations differ markedly in

the proportion of births in the residual

distribution, babies who are small for pre-

sumably pathological reasons. Kleinman
estimated that in Osaka 1.3% of babies

were in this distribution, but among U.S.

blacks the comparable figure was calcu-

lated to be 4.3%. This difference, because

it is composed of infants at very high risk

of death, profoundly influences the infant

mortality rate and explains why mortality

is so much higher among African-Ameri-

can infants than among Japanese infants,

even though both populations have rela-

tively low mean birth weights. The impor-

tant point to note is that it is the patho-

logical conditions that lead to an excess of

small babies in the residual distribution

that should stimulate public health action,

not that part of the variation in birth
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weight which appears to be irrelevant to

human health.

For public policy purposes then, a sin-

gle cutoff for low birth weight in all popu-
lations must be treated with a certain

amount of skepticism. It is a crude indica-

tor, useful for making a quick and rough
assessment, but one that needs more re-

finement if public policy initiatives are to

be appropriately targeted. An ingenious,

but mathematically somewhat laborious,

method for calculating the ideal low birth

weight threshold for each population has

been proposed by Chen and colleagues.28

Kleinman, in the paper discussed above,

has suggested a simpler method which
does not require complex computations.

Size, Weight, and Maturity

Even ifwe could agree on a way of describ-

ing low birth weight that took account of

population differences in ordinary non-

pathological birth weight, we would still be

dealing with a heterogeneous entity be-

cause there are several pathways to patho-

logical low birth weight. For many years,

low birth weight and prematurity were es-

sentially synonymous concepts. A wise cli-

nician, Arvo Ylppo, recognizing the

difficulty ofdetermining the length of ges-

tation, advocated, early in this century, the

use of a simple threshold level of 2,500

grams (5 pounds, 8 ounces) to distinguish

babies in need of special assistance during

the neonatal period. Adopted by the

World Health Organization, 17 this prag-

matic operational rule for nurseries be-

came established as a population measure
and often a substitute for clear biological

thinking. For just as the weight of a child

does not tell us the child's age (although

it can provide a rough approximation),

birth weight does not tell us the duration

of gestation.

A baby is small at birth either because

it was born too soon, because it grew too

slowly in utero, or because of some com-
bination of the two. Preterm delivery and
fetal growth appear to have distinct deter-

minants, and one of the most important

and little-appreciated observations about

the state of our knowledge in this area is

that, while we have considerable under-

standing of the causes of impaired fetal

growth, we know next to nothing about

the causes of preterm delivery. 29 To add
another wrinkle, even the word prema-
turity is a misnomer for babies born after

too short a period of gestation because

babies of the same gestational age may

differ in their level of maturation. 30 Pre-

term delivery is the most accurate term to

use in describing babies born too soon in

chronological time.

Preterm delivery and impaired fetal

growth differ in another important way.

The former is much more important as a

cause of infant mortality in developed na-

tions. 31 Fetal growth impairment, though

Preterm delivery is much more important

as a cause of infant mortality in

developed nations.

not rare, does not exert the same force of

mortality as does early delivery. The long-

term impact of fetal growth retardation on
neurodevelopment, though more impor-

tant than its effect on the newborn,32 is

also not as pronounced as the effect of

preterm birth. Studies of low birth weight

as a homogeneous entity have probably

seen their day. Gestational age is better

assessed in routine obstetric practice than

in the past,33 and the recording of gesta-

tional age in vital data has, no doubt, also

improved. This offers new opportunities

to investigate the causes of preterm deliv-

ery, historically overlooked in the great

mass of often unfruitful etiologic litera-

ture on low birth weight.

The Special Problem of

Preterm Delivery and
Ethnicity in the United States

In Figure 3, we show, from the most recent

data available, the infant mortality rate,

preterm delivery rate, and low birth weight

rate for several U.S. ethnic groups.

In the United States, in 1991, the me-
dian birth weight ofwhite babies was 3,410

grams (7 pounds, 8 ounces), and of black

babies, 3,160 grams (6 pounds, 15

ounces), a difference of 250 grams (9

ounces). At the same time, the low birth

weight rate was 13.6% among black babies

and 5.8% among white babies. Black ba-

bies constitute 17% of all births, 33% of

all low birth weight births, and 38% of all

very low birth weight births in the United

States. This high rate of low birth weight

is not found among other ethnic minori-

ties in the United States. Hispanic, Native

American, and Asian-American popula-

tions have low birth weight rates very close

to those of American whites.
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Figure 3

Ethnic Group Comparisons in the United States, 1991
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(infants with birth weight <2,500 grams per 100 live births)
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Preterm Delivery

(births prior to 37 weeks gestational age per 100 live births)
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Infant Mortality

(infant deaths to age 1 per 1 ,000 live births)

'Infant mortality data for Chinese are from 1990.

"Infant mortality data for Native Americans are from 1992.

Source: National Center for Health Statistics. Advance report of final natality statistics, 1991, Monthly Vital Statistics

Report. Vol. 42, No. 3, Suppl. Hyattsville, MD: Public Health Service, 1993; National Center for Health Statistics.

Advance report of final natality statistics, 1992. Monthly Vital Statistics Report, Vol. 43, No. 5, Suppl. Hyattsville, MD:
Public Health Service, 1994; National Center for Health Statistics. Vital statistics of the United States, 1990. Vol. II.

Washington, DC: U.S. Government Printing Office.
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Figure 4

Proportion of Live Births Born Before 37 Completed Weeks of Gestation by Race in the

United States, 1968-1991
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Underlying the high rate of low birth

weight among African Americans is the

strong association of preterm delivery and
race. Black infants are more than twice as

likely as white infants in the United States

to be born prior to 37 weeks of gestation

(Figure 4). Moreover, there is evidence

that, at more severe grades of preterm

birth, the difference between blacks and
whites enlarges yet further (Figure 5).

Whereas the relative risk of preterm deliv-

ery at 36-37 weeks among blacks com-
pared to whites is 1.5, at 28 to 31 weeks, it

is 3.1, and below 28 weeks, it is 3.8.

Of considerable interest is the observa-

tion that Mexican-American mothers in

the United States have low birth weight

and preterm births at virtually the same
rate as the more privileged white popula-

tion. The same is true for Native Ameri-

cans. The paradoxically different effects of

social and economic deprivation in differ-

ent ethnic groups is unexplained. A recent

study indicates, however, that Mexican-

American mothers living in poor, pre-

dominantly black neighborhoods in

Chicago experience the high preterm

birth rates characteristic of their African-

American neighbors. 34 Thus, the protec-

tive qualities found among Mexican-
American women are not immutable. Un-
raveling the underlying reasons for these

ethnic variations in preterm delivery is one
of the great challenges to public health

research.

Secular Trends in Low Birth Weight,

Preterm Delivery, and Infant Mortality

Figure 6 illustrates three secular trends in

the United States over the past two dec-

ades—those in low birth weight (less than
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Preterm Delivery Rates in Gestational Age Groupings, U.S., 1991

c
<D

(J

a>
a.

10

'9

8-

7-

6

5

4

3

2H

1

0

Relative

Risk=2.

1

Relative

Risk=3.1

Relative

Risk=3.8

Relative

Risk=1.5

<28
"i r

28 to 31 32 to 35

Gestational Age
(weeks)

36 to 37

Black White

Source: National Center for Health Statistics. Advance report of final natality statistics, 1991. Monthly Vital Statistics

Report, Vol. 42. No. 3. Suppl. Hyattsville, MD: Public Health Service. 1993.

2,500 grams), preterm delivery (less than

37 weeks), and infant mortality. Broadly

speaking, we can say that preterm delivery

has not improved at all (and may be wors-

ening very recently), low birth weight has

improved slightly, and infant mortality has

declined substantially. This recent disen-

tanglement of infant mortality from its

principal determinants is attributable to

the operation of newborn intensive care

and perhaps obstetric intensive care as

well.35 Simply put, babies now survive in

much larger numbers than did babies of

the same weight (and therefore the same
intrinsic risk of death) in the past.

Preterm delivery, the principal cause

oflow birth weight in developed countries,

appears to be on the rise in the United

States. In 1991, 10.8% of U.S. births were

preterm (born prior to 37 completed
weeks of gestation), a rate 15% higher

than the 1981 figure of 9.4%. It should be

noted, however, that the increased use of

more accurate techniques for dating the

duration of pregnancy, particularly prena-

tal ultrasound, may have played some role

in this reported rise. In addition, the Na-

tional Center for Health Statistics

adopted, in 1981, a different method of

allocating gestational age to birth certifi-

cates with uncertain gestational ages. This

method is likely to have increased the pro-

portion of infants classified as preterm.

At least two conclusions of public pol-

icy significance can be drawn from the

essential long-term stability in preterm de-

livery and low birth weight rates in the

United States:

1. The recent epidemic of cocaine

abuse cannot account for our high rates

of these adverse reproductive outcomes.

An excessive low birth weight rate was

characteristic of the United States long

before this particular drug epidemic.

What most needs investigating are the so-

cioeconomic dislocations that underlie

drug-taking behavior.

2. Conventional prenatal care is not a

solution to the problem of low birth weight

in the United States. Currently, 85% of

U.S. mothers present for prenatal care in

the first trimester, a considerable improve-

ment over past figures36 and a proportion
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Figure 6

Low Birth Weight, Preterm Birth, and Neonatal Mortality Rates in the United States,

1950-1991
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which is higher than in Japan and Ger-

many and only slightly lower than in Den-
mark and Norway. 37 Yet, low birth weight

and preterm deliver)' stubbornly resist

change.

Survival and Later Handicap

The striking improvement in survival at a

given birth weight that has resulted from
newborn intensive care has actually af-

fected infants of all birth weights,38 but the

impact at the higher birth weights is less

noticeable because mortality has always

been quite low and survival, high. But at

the very lowest birth weights, where sur-

vival was once the exception, the increase

in rate of survival is so large that it is now
having an impact on the childhood popu-

lation.

For example, in the United States dur-

ing 1960, 10,241 white singleton babies

were born weighing less than 1 ,000 grams

(2 pounds, 3 ounces) , but only 67 of them

survived.39 In 1983, 8,542 such infants

were born, but 3,840 survived. In the space

of 23 years, the number of survivors per

1,000 live births of this weight increased

70-fold. Each year many very low birth

weight infants are now added to the popu-

lation who would not previously have sur-

vived. Although the vast majority of these

infants are healthy, enough of them have

severe handicaps that their impact on the

population prevalence of cerebral palsy is

noticeable.40

This raises an important question, one
that assumes even greater significance as

we contemplate the finances ofhealth care

reform. How much capital, both human
and material, are we willing to invest to

save the lives of the most extremely pre-

term infants? Even in babies as small as 500

to 600 grams, born at about 24 weeks of

gestation, newborn intensive care can im-

prove survival. 41 But the costs of such

interventions are extraordinary. These
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costs include (for infants weighing 500 to

750 grams, or 1 pound, 2 ounces to 1

pound, 10 ounces) an average hospital stay

of three to four months, much of which is

spent on life-support equipment.42

Charges for the initial hospitalization for

surviving infants weighing 500 to 600

Chargesfor the initial hospitalization for

surviving infants weighing 500 to 600 grams

at birth averaged $1 million in one study.

grams at birth averaged $1 million in one
study. 43 Moreover, although most of the

70% mortality in infants weighing 501 to

750 grams occurs early in life, with inten-

sive care many of these such infants die

only after as many as 100 days of hospitali-

zation. 42 The risk of severe handicap
(cerebral palsy, mental retardation, epi-

lepsy, blindness, or deafness) in survivors

is about 20%, and of the nonhandicapped
remainder, at least a third will experience

substantial school difficulties.

There is no easy solution to the moral

dilemmas posed by such difficult circum-

stances, but they must be confronted. One
of the founders of neonatology, William

Silverman, has eloquently argued that we
must acknowledge the medical uncer-

tainty of decisions about instituting inten-

sive care in very preterm infants and

permit parents more latitude to decide the

course of action.44 Others have advocated

more strongly for instituting newborn in-

tensive care whenever there is the possibil-

ity of improving survival.45 The
increasingly vocal concerns of family

members ensure that these issues will be

debated extensively outside as well as in-

side medical circles.46

Conclusion

When the roots of a problem are clearly

social and economic, it is tempting to rush

in to provide a presumably preventive

intervention before the essential scientific

groundwork has been laid. But the provi-

sion of services, however well-intentioned,

does not truly serve its recipients unless

those services are effective. This places an

obligation on those who would move
quickly to public health action to show that

the interventions work. Controlled trials

have, by and large, failed to show effective-

ness in preventing preterm birth, whether

the intervention is social support,47 en-

hanced prenatal care,48 early recognition

of labor,49 or pharmacologic interruption

of labor.50 Honesty compels us to return

to the drawing board of scientific investi-

gation.

The problem of low birth weight is

multifaceted; but from a public health per-

spective, the key goal is prevention of pre-

term birth. This goal cannot be achieved

without a much better understanding than

we currently have of the determinants of

preterm delivery. The evolution of scien-
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tific and clinical thought in this area has

been slow, especially when compared with

the rapid developments in treatment.

The essential work of distinguishing

the components of low birth weight and
preterm delivery, and their likely etiologic

heterogeneity, has only just begun. 51 32

While readily available social and demo-
graphic variables have been studied exten-

sively for their relationship to low birth

weight, a more in-depth pursuit of the

nature of the relationship of poverty and
social dislocation to low birth weight has

not yet been undertaken. The effects of

poverty at the level of the individual, the

family, and the community need all to be
taken account of; the context in which a

pregnancy occurs is larger than the womb.

The special problem of preterm birth

among African Americans needs focused

attention, and such research will require

innovative strategies. 53 It may be especially

valuable to attempt to identify protective

factors among African-American women
otherwise at high risk.54 At the same dme,
we must remember that no population is

immune to preterm delivery and that clues

to causadon may also emerge from more
detailed understanding of preterm deliv-

ery in the face of an apparently privileged

environment. Even in Sweden, there is a

social class gradient in preterm delivery.55

Poverty must alter health through biologi-

cal mechanisms, and much of the work of

epidemiology consists of decoding the

"biological expression of social stratifica-

tion."56

The mechanism or mechanisms of la-

bor, both term and preterm, have not re-

ceived as much scientific scrutiny as have
many other biological processes of lesser

public health significance. The role ofsub-

clinical infection in precipitating preterm
labor, particularly when membrane rup-

ture is the initiating event, clearly needs
further exploration. 57 -58 Other interest-

ing leads to pursue are the possible role of

micronutrient deficiency,59 -60 subtle pla-

The problem oflow birth weight is

multifaceted; butfrom a public health

perspective, the key goal is prevention of

preterm birth.

cental abnormalities signaled by elevated

alpha fetoprotein levels,61 lead pollu-

tion,62 and conditions at work. 63 It is note-

worthy that each of these mechanisms
could plausibly explain part or all of the

social class gradient in risk of preterm de-

livery.

In all of these endeavors, conflict be-

tween public health action and scientific

research must be avoided as both unnec-

essary and counterproductive. In an elo-

quent essay, Paul Wise has recently

underlined the need to reconcile the bio-

logic and social etiologies of infant mor-

tality. "The pursuits of efficacy and
justice," Wise points out, "are inextricably

linked."64
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Abstract

Medical and technological advances in the care of infants with low birth weight (less

than 2,500 grams, or 5 pounds, 8 ounces) and very low birth weight (less than 1 ,500

grams, or 3 pounds, 5 ounces) have substantially increased the survival rate for these

infants and have led to concerns about the demands their care places upon their

families and society. The dollar cost of the resources used disproportionately to care

for low birth weight children is one measure of the burden of low birth weight. Using
analyses of national survey data for 1988 for children ages 0 to 15, this article presents

estimates of the direct incremental costs of low birth weight—costs of the resources

used to care for low birth weight infants above and beyond those used for infants of

normal birth weight. In 1988, health care, education, and child care for the 3.5 to 4

million children ages 0 to 15 born low birth weight cost between $5.5 and $6 billion

more than they would have if those children had been born normal birth weight.

Low birth weight accounts for 10% of all health care costs for children, and the

incremental direct costs of low birth weight are of similar magnitude to those of

unintentional injuries among children and in 1988 were substantially greater than

the direct costs ofAIDS among Americans of all ages in that year.

Almost all low birth weight infants (those born weighing less than

2,500 grams or 5 pounds, 8 ounces) require special attention.

Although many function normally during childhood and be-

yond, they are more likely than children of normal birth weight to

experience health and developmental problems. Recent medical and
technological advances have increased the survival rate for the very

tiniest infants and have led to increased concern about the demands
these survivors place on their families and the rest of society (see the

article by Tyson in thisjournal issue). Growth in the number of children

born low birth weight, improvement in their rates of survival, and
changes in medical technology and in the provision of medical and
special nonmedical services to children with and at risk for various

handicapping conditions have resulted in more services ofvarious kinds

for more surviving low birth weight children than ever before. There are

costs associated with providing these services, however, and as the quan-

tity of services increases, it is likely that these costs are also increasing.
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With the growing prominence of cost concerns in health policy discus-

sions, the costs of care for low birth weight and very low birth weight

children are receiving increased attention.

Despite these concerns about costs,

there have been few comprehensive at-

tempts to document them. Fragmenta-
tion of the U.S. health care system
presents a serious impediment to com-
prehensive cost assessment. 1 Funding
has not been available to track repre-

sentative samples oflow birth weight chil-

dren over time to assess long-term
developmental and health outcomes.
Costs of follow-up care and of assess-

ments of outcomes are not fully covered
by health insurance and, hence, are dif-

ficult to document. Moreover, low birth

weight is not the qualifying condition for

most of the medical and other services

consumed disproportionately by low
birth weight children, so it is impossible

to identify and cost out the services they

receive from most program budgets.

This article relies primarily on new
analyses of data from several national sur-

veys to estimate the incremental direct

costs associated with low birth weight

among children ages 0 to 15 in a single

year, 1988. The focus is on incremental

direct costs—costs that reflect resource

utilization above and beyond the level of

resources used by normal birth weight in-

fants and children. Almost all of the costs

Growth in the number of children born low

birth weight, improvement in their rates of

survival, and changes in medical technology

have resulted in more services of various

kindsfor more surviving low birth weight

children than ever before.

analyzed are also incurred for children

who are not low birth weight. Therefore,

to determine incremental costs, those

costs associated with being born normal

birth weight are subtracted from the costs

incurred by low birth weight children.

From a policy perspective, such an analysis

of aggregate incremental costs is particu-

larly helpful in elucidating the gains that

would occur from interventions which ef-

fectively reduce the frequency of low birth

weight births. The focus is on 1988 be-

cause it is the most recent year for which

comprehensive national data on the costs

of low birth weight in the areas of medical

care, preschool programs, special educa-

tion, and grade retention are all available.

In 1988, there were between 3.5 and 4

million children ages 0 to 15 who had been
born low birth weight. They accounted for

almost 7% of children in that age group. 2

Defining the Costs
Associated with

Low Birth Weight

The components of total cost for low birth

weight include the costs of the medical

care, special education, early intervention,

and other support services consumed dis-

proportionately by low birth weight chil-

dren. Additional costs to the family, such

as the extra time that parents of sick low

birth weight babies devote to their care,

are also components of the cost of low

birth weight. In a cost-of-illness analysis,

the different levels of resources associated

with an illness or condition such as low

birth weight are identified, quantified, and
valued in money terms. Once they have

been quantified and valued, the various

components of cost can be summed to

provide an estimate of the aggregate cost

of the illness or condition and also the

mean cost per case. When cost analyses are

performed for a number of conditions,

cost estimates for different conditions can

be compared. (See Box 1 for definitions

and descriptions of the cost-of-illness con-

cepts applied in this article.)

Used properly, cost-of-illness research

can aid decision making in several ways.

First, it provides a means for combining

many of the facets of a condition, such as

the health and developmental problems

experienced by some low birth weight chil-

dren, into a single metric. This number is

one measure of the size of the problem,

and comparing the costs of a number of

different problems may be particularly

helpful in establishing priorities. Second,

cost estimates can be helpful in evaluating

proposed solutions. Because solutions

have resource costs, knowing the cost of

each solution may make it easier to decide

which particular solution to pursue.
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Previous Cost Studies

The most comprehensive economic evalu-

ations of low birth weight are those pub-

lished by a group of Canadian researchers

in the early 1980s3 and by the Office of

Technology Assessment (OTA) in 1988.4 .5

In both of these studies, calculation of the

costs associated with low birth weight was

but one component in the evaluation of

the cost-effectiveness of interventions de-

signed to improve infant health. As part of

an evaluation of neonatal intensive care,

the Canadian researchers studied the mor-
tality and morbidity of all very low birth

weight infants (those weighing less than

1,500 grams, or 3 pounds, 5 ounces) born
to residents of a southern Ontario county.

The researchers estimated the cost of

health care for these infants as well as the

costs associated with their mortality and
morbidity.6 The 1988 OTA evaluation fo-

cused on the savings that could accrue

from the prevention of low birth weight

births which might accompany expansion

of the delivery of early prenatal care. The
OTA did not attempt a comprehensive
estimate of the cost of low birth weight. 7

Instead, its report focused on the incre-

mental costs of treating low birth weight

babies in three categories: initial hospitali-

zation including physician fees; rehospi-

talization in the first year of life (hospital

costs only) ; and long-term costs of services

(institutional care, foster care, early inter-

vention, special education, and the like)

provided for surviving low birth weight

babies. Neither study reported esdmates of

the aggregate annual cost of low birth

weight.

Incremental costs for very low birth

weight births based on the Canadian study

are reported in Table 1. Included are the

mean cost per live birth of the initial hos-

pitalizadon and calculated annual costs

per survivor which incorporate birth-

weight-specific infant mortality. 8 Costs

have been converted to U.S. dollars at the

1978 exchange rate and inflated to 1988

prices using the health care component of

the gross domestic product (GDP) de-

flater.9 As can be seen in the table, the cost

of the initial hospitalizadon ($26,000) ac-

counts for a substantial pordon of the cost

of very low birth weight identified in the

Canadian study.

Table 1 also summarizes the midrange
of the estimates of the incremental costs

of a low birth weight birth based on data

presented in the OTA report adjusted to

1988 dollars.9 Annual costs for ages 1 to

BOX 1

Some of the Cost-of-lllness

Concepts Used in this Article

Many studies have been done to determine the costs of illnesses.

Such studies typically include calculations of direct health care
costs, other costs not stemming from health care expenditures,

and indirect costs due to foregone earnings. In estimating the

costs of low birth weight, this article uses several different cost-of-

illness concepts: tangible costs, direct costs, prevalence costs,

and incremental costs. Understanding these concepts is impor-

tant to the proper interpretation of the results.

Tangible costs: This article focuses only on tangible costs.

These costs reflect a loss or diversion of resources that can be
valued in the market and can be counted. Although many
intangible costs result from the feelings and emotions of par-

ents, children, and others touched by the seguelae of low birth

weight, it is impossible to measure the depth of these feelings

or to assign to them a dollar value.

Direct costs: These are the costs of goods and services

consumed disproportionately by low birth weight children,

such as the use of neonatal intensive care services. Because
this article is limited to costs incurred during childhood, only

direct costs are included. Not included are the indirect costs

associated with the future loss of productivity that may be due
to increased morbidity and mortality resulting from low birth

weight.

Prevalence costs: This article focuses on prevalence costs,

costs associated with all members of a specific and defined

population in a particular year. Only costs incurred within that

year are measured. Prevalence cost estimates are conceptu-
ally different from incidence cost estimates. An incidence cost

estimate would include all lifetime costs of a cohort of low birth

weight infants born in a single year. Although incidence costs

are preferred for some policy purposes, they are inherently

more difficult to perform and more prone to significant error

because they reauire that projections of lifetime costs be made
over many future years based on what is known at the present.

Incremental costs: Almost all of the costs analyzed are also

incurred for children who are not low birth weight. The incre-

mental costs reported here are costs above and beyond those

incurred by normal birth weight infants and children. To deter-

mine incremental costs, the costs incurred by normal birth

weight children are subtracted from estimates of total cost.

15 vary by age because of assumptions

made by the OTA about the utilization of

expensive services by children of different

ages. In particular, for children 5 to 15

years, annual costs are increased by more

than $800 because of the inclusion of the

costs of institudonal and foster care for a

small number of survivors. In addition,

educational costs (including early inter-

vention costs) are assumed to increase

with advancing age.

The initial hospitalization costs re-

ported in the OTA study are much less

than those reported in the Canadian study
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($6,200 versus $26,000) in part because
the OTA estimates are dominated by mod-
erately low birth weight babies (those

weighing 1 ,500 to 2,500 grams, or between
3 pounds, 5 ounces and 5 pounds, 8

ounces) who are much less expensive to

care for than the very low birth weight

babies (those weighing less than 1,500

grams) , who were the subjects of the Ca-

nadian study. Following the same line of rea-

soning, it might be expected that the annual

cost per survivor would have been much
higher in the Canadian study than in theOTA
report; however, the annual costs per survivor

from the OTA and Canadian studies are

roughly of the same order of magnitude

($1,100 and $1,500, respectively).

Both the Canadian and the OTA esti-

mates have limited usefulness in assessing

the aggregate cost of low birth weight in

the United States today. The OTA esti-

Since 1978, costsfor very low birth weight

babies have probably increased substantially in

the aggregate and on a per-live-birth and
per-survivor basis.

mates exclude additional medical care

costs for noninstitutionalized children age

one and older, are quite sensitive to as-

sumptions about the degree of institu-

tional and foster care received by low birth

weight children, and exclude all costs of

"mild" impairments. The Canadian esti-

mates reflect the Canadian health and
education systems, which differ signifi-

cantly from the systems found in the

United States. In addition, both studies

reflect health and developmental out-

comes from the mid- to late 1970s and,

therefore, do not account for the impact

of new technologies introduced since

then. For example, since 1978, infant sur-

vival rates for extremely low birth weight

infants (those weighing less than 1,000

grams, or 2 pounds, 3 ounces) have more
than doubled, and survival has also im-

proved considerably for babies weighing

1,000 to 1,499 grams. 10 As a result, costs

for very low birth weight babies have prob-

ably increased substantially in the aggre-

gate and on a per-live-birth and
per-survivor basis.

In addition to the Canadian and OTA
studies, there are a multitude of published

reports on the health and developmental

outcomes of low birth weight infants (see

the article by Hack, Klein, and Taylor in

this journal issue). They paint a detailed

and varied picture of the experiences of

low birth weight children. Many of these

studies are of limited usefulness in assess-

ing the aggregate cost of low birth weight

because they are based on very limited

samples that are not representative of the

total population of low birth weight chil-

dren and/or are of varying quality with

regard to the nature of control and com-
parison groups, rates of attrition and du-

ration of follow-up, and the measurement
and classification of outcomes.

The classification ofoutcomes in many
previous studies is particularly problem-

atic for a cost study. Outcomes are typically

identified in medical, neurological, and
neuropsychiatric categories. These out-

comes, such as abnormalities on neuro-

logical or physical examinations or re-

duced scores on tests of intelligence or

psychomotor function, cannot be trans-

lated easily and directly into estimates of

resource utilization which yield cost esti-

mates. Even conditions such as cerebral

palsy or blindness, both of which occur

with greater frequency among low birth

weight children, are complex and utilize

resources in a number of different do-

mains. In addition, more recently publish-

ed follow-up studies of low birth weight

infants look only at children with very low

(less than 1,500 grams, or 3 pounds, 5

ounces), or extremely low (less than 1,000

grams, or 2 pounds, 3 ounces) birth weights.

Such children represent less than 10% of all

low birth weight births and an even lower

percentage ofsurviving low birth weight chil-

dren. Moreover, these children tend to

have a higher frequency of problems than

do children weighing 1 ,500 to 2,500 grams

at birth. Hence, it is difficult to get a com-
prehensive picture of the costs of low birth

weight from studies that focus solely on
very low birth weight infants.

Costs of Low Birth Weight

Data Sources and Methods

To obtain a fairly complete and balanced

estimate of the medical care costs of low

birth weight babies during the first year of

life, data from two recently published esti-

mates of the costs of health care for in-

fan ts 1

1

-
1

2

and claims data from the CIGNA
Corporation's national employer-based

business survey are combined. 13 Because
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Table 1

Incremental Direct Costs of Very Low Birth Weight and Low Birth Weight
Children from Birth to Age 15 in 1988 Dollars from Two Studies

Cost per
Live Birth,

1988 Dollars

Annual Cost
per Survivor,

1988 Dollars

Costs for very low birth weight children (<1 ,500 grams)
based on 1973-1976 Canadian experience

Cost of initial hospitalization
$26 000

Mean annual costs from initial discharge to age 15
$1,500

Health care costs 1,000

Other costs 450

Costs for all low birth weight babies (< 2,500 grams)
based on 1988 OTA report

Cost of initial hospitalization 6,200

Rehospitalization costs in first year (hospital only) 910

Annual costs ages 1 to 15, including

institutionalization, foster care, early intervention,

special education

Ages 1 to 3 260

Age 4 490

Ages 5 to 1

0

1.400

Ages 1 1 to 15 1,400

Mean annual cost ages 1 to 15 1,100

Sources: Calculations by the authors from data presented in Boyle. M., Torrance, G., Sinclair, J., and Horwood, S. Economic
evaluation of neonatal intensive care of very-low-birth-weight infants. New England Journal of Medicine (June 2. 1983)

308:1330-37; U.S. Congress, Office of Technology Assessment. Healthy children: Investing in the future. OTA-A-345. Washington.

DC: U.S. Government Printing Office. February 1988.

the CIGNA data are derived from a pri-

vately insured population, they cannot be

used directly to provide an unbiased esti-

mate of the incremental costs of care of

low birth weight infants. 14 To control for

possible sources of bias, the CIGNA data

were first used to estimate the relative first-

year costs of health care for babies in three

groups (normal birth weight, extremely

premature, and all other low birth weight)

.

Next, these birth-weight-specific cost ratios

were weighted by the actual distribution of

births by weight in the 1988 U.S. birth

cohort. Then, these population-weighted

relative cost ratios were applied to an esti-

mate of aggregate national expenditures

on health care for infants in 1988 to allo-

cate expenditures between low birth

weight and normal birth weight infants. 15

The remainder of this analysis relies

primarily on previously published and un-

published analyses of incremental re-

source use derived from two nationally

representative population surveys, the

1988 Child Health Supplement of the Na-

tional Health Interview Survey (CHS-
NHIS) and the 1991 National Household
Education Survey's (NHES) Pre-primary

and Primary Surveys.16 Information about

a child's birth weight is available in both

surv eys, and the relatively large number of

children included allows for analyses of

age-appropriate resource utilization (pre-

school programs for children ages 3 to 5,

special educational programs for those

ages 6 to 15, grade repetition for those

ages 11 to 15, and hospitalization for chil-

dren of all ages) . Using estimated levels of
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resource utilization by birth weight cate-

gory, it was possible to assign costs to the

resources used. All of the estimates pre-

sented are from multivariate statistical

analyses which control for the effects of

possible confounding variables, such as

income or mother's education, which
might otherwise bias measurement of the

net effect of low birth weight. 17

These surveys are not without their

limitations. First, they are based on paren-

tal report and therefore are subject to er-

rors of recall, interpretation, and report-

ing. Second, information about all facets

of resource use by children is not available

or has not been analyzed. Last, although

the surveys contain a large number of ob-

servations of low birth weight children,

there are few observations of very low and
extremely low birth weight children. Be-

cause the likelihood of experiencing a sig-

nificant, chronic condition increases sub-

stantially as birth weight declines, the costs

oflow birth weight may be underestimated

if an analysis relies exclusively on studies

using national population surveys. 18 - 19

Estimates of health care costs used in

this article are also based largely on a pre-

viously published analysis of expenditures

from the 1987 National Medical Expendi-

ture Survey (NMES), a national survey of

roughly 35,000 individuals in 4,000 house-

holds in the United States. 11 To provide

an estimate of the aggregate cost of low

birth weight, estimates of the various

sources of incremental cost per low birth

weight child were multiplied by estimates

of the number oflow birth weight children

in age groups 3 to 5, 6 to 11, and 11 to 15.

Estimates of the number of low birth

weight children in each age group came
from the 1988 CHS-NHIS.20

Medical Costs in the First Year of Life

According to our assessment, of the esti-

mated $11.4 billion spent on health care

for infants in 1988, 35%, or $4.0 billion,

was for the incremental costs incurred by

low birth weight infants (Table 2). On a

per-infant basis, this amounted to almost

$15,000 additional for each of the 271,000

infants born weighing less than 2,500

grams in 1988. A general trend of higher

costs in lower birth weight babies is docu-

mented in the table. Total costs for ex-

tremely premature infants (those
weighing less than 1,000 grams or experi-

encing respiratory distress syndrome)
were almost three times as great as costs

for other low birth weight babies ($33,900

versus $11,900). These babies accounted

for more than 45% of the incremental

costs associated with low birth weight. Ba-

bies with birth weights between 1,000 and
2,500 grams without respiratory distress

syndrome were, on average, six times as

costly as normal birth weight babies

($11 ,900 versus $1 ,900) . Incremental costs

associated with the care of these babies

accounted for 19% of the annual cost of

health care for infants in the United States.

The figures presented in Table 2 are

reasonable estimates of the costs of health

care for infants and of the incremental

costs associated with low birth weight

births. However, there is considerable vari-

ation in cost estimates for both of these

statistics reported in a variety of sources. 21

These differences may result, in part, from
using data from different years in an area

of health care where technology has been
changing rapidly. Although data from dif-

ferent years are, for purposes of compari-

son, typically adjusted with a price index,

using a price index to adjust cost estimates

from different years may not be adequate

ifchanges in costs are being driven primar-
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Table 2

Health Care Costs During the First Year of Life by Birth Weight
Among All U.S. Infants in 1988a

Birth Weight Number Incremental Total Percentage
Group of Births, Cost per Incremental of Total

1988 Birth, Cost, Health Care
1 An o p\ ii ____
1988 Dollars 1988 Dollars Costs for

(billions) Infants

Normal birth weight 3,600,000 $ 1 ,900 $ 7.40b 65%
(>2,500 grams)

Low birth weight 271,000 15,000 4.00 35%
(<2,500 grams)

Extremely low birth weight0 57.000 32,000 1.80 16%

Other low birth weightd 214,000 10,000 2.20 19%

a Columns and rows may not add or multiply exactly because individual entries have been
rounded.

b
Includes nonincremental costs of 271 ,000 low birth weight babies.

c Includes infants weighing 1 ,000 grams or less at birth or being diagnosed as having respiratory

distress syndrome.
d

Includes infants weighing 1 ,000 to 2,500 grams without respiratory distress syndrome.

Sources: Calculations by authors from data presented in Lewit. E.M.. and Monheit, A.C. Expenditures on health care

for children and pregnant women. The Future of Children (Winter 1992) 2.2:95-1 14; Long. S.H.. Marquis, M.S., and
Harrison, G.R. The cost and financing of perinatal care in the United States. American Journal of Public Health

(September 1994) 84,9:1473-78; Chollet, D.J., Newman. Jr.. J.F.. and Sumner. A.T. The corporate cost of poor birth

outcomes. In Infant health in America: Everybody's business. Hartford, CT: CIGNA, 1992, pp. 3-23.

ily by changes in technology. 22 Differences

may also result from comparing estimates

of costs with those of charges, from using

data from different parts ofthe countrywhen
there are substantial regional variations in

costs, and from comparing estimates that are

more or less inclusive ofphysician, outpatient,

and rehospitalization costs.

Costs During the Preschool Years

The preschool period can be a critical time

for many low birth weight infants. For

those who survive infancy with chronic

health problems, utilization of health care

services will remain high and access to

appropriate specialized services will be im-

portant, although not always realized. A
number of studies of low birth weight chil-

dren demonstrate that they often perform

poorly on psychological and developmen-

tal assessments compared with their nor-

mal birth weight peers, but little is known
about how this reduced performance
translates into resource utilization to sup-

port them during the preschool years. 23

Most studies of low birth weight pre-

school children have focused on limited,

defined cohorts of children in special pro-

grams or treated neonatally at particular

institutions. Few studies have examined

how these children fare in the general

population. 24 Accordingly, analyses of re-

cent general population data, the 1988

CHS-NHIS, and the 1991 NHES were un-

dertaken as background to this article to

understand more fully the resources util-

ized by low birth weight and other medi-

cally at-risk children during their pre-

school years. 25

These analyses are summarized in this

article with emphasis on what they indicate

about the resource utilization of children

ages three to five. All the analyses discussed

below used multivariate statistical tech-

niques to control for the effects of variables

other than low birth weight on health status

and the utilization of special services.

Health Care Utilization

Analysis of the 1988 CHS-NHIS demon-
strated that low birth weight significandy

increased the probability of hospitaliza-

tion among three- to five-year-olds. Low
birth weight children ages three to five are
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Incremental Direct Costs of Low Birth Weight Among Children

from Birth to Age 15 in 1988

Age Group Cost Type Mean Cost
per Low Birth

Weight Child

in Each Age
Group0

1988 Dollars

Number of

Low Birth

Weight
Children in

Each Aae
Groupb

Total Costs,

1988 Dollars

Infancy Health care $15,000 271 ,000c $4,000,000,000

1 to 2 years All N/Ed 500,000 N/Ed

3 to 5 years Health care 290 820,000 240,000,000

3 to 5 years Child care 180 820,000 150,000,000

6 to 1 0 years Health care 470 1 ,300,000 610,000,000

6 to 15 years Special education 150 2,400,000 360,000,000

1 1 to 15 years Grade repetition 45 1,100,000 50,000,000

Total 4,000,000 $5,400,000,000

Sources:
a

Cost per low birth weight child: Calculations by authors from data presented in this article.
b Number of low birth weight children (<2,500 grams): Unpublished data from the 1988 Child Health Supplement to

the National Health Interview Survey.
c

The number of low birth weight children under age one comes from birth certificate data for 1 988 from the Vital

Statistics System and is consistent with the figure in Table 2 in this article. The Child Health Supplement to the

National Health Interview Survey counts 223,814 infants in this group for 1988. (See note no. 2 in the endnote
section of this article.)

d
N/E=not estimated. Costs for this age group are not presented In this article.

not only almost twice as likely to be hospi-

talized as normal birth weight children but

also spend more time in the hospital once
admitted. The combination of these ef-

fects results in low birth weight children

ages three to five spending almost four

times as much time per year in the hospital

as their normal birth weight peers. 25 An-
nual mean expenditures on both physi-

cians and hospitals for inpatient care of all

children ages 3 to 12 were approximately

$112 (1988) based on the 1987 NMES.U
Increased rates of hospital utilization by

low birth weight children ages three to five

result in an incremental cost per child of

$290 and an aggregate incremental cost of

approximately $240 million26 (see Table 3)

.

Other Resource Effects

Analyses of both the 1988 CHS-NHIS and
1991 NHES showed that having a low birth

weight child had no effect on whether a

mother works or the child attends some
kind of child care, on the type of child care

(family or center-based), on secondary

child care arrangements, or on changes in

child care arrangements during the pre-

vious year. 25 Two findings, however, did

have resource implications. First, there was

evidence that low birth weight children are

more likely to delay entry into kindergar-

ten. Because low birth weight children are

as likely to attend preschool as their nor-

mal birth weight peers, this result indicates

that low birth weight children consume
more preschool resources than their nor-

mal birth weight peers. However, the net

effect of this difference appears quite

small.

Although low birth weight children

ages three to five appear no more likely to

be enrolled in preschool programs than

normal birth weight children, there is

some evidence that low birth weight chil-

dren may receive more or higher quality,

and thus more costly, preschool instruc-

tion. Results from the 1991 NHES indi-

cated that low birth weight children who
attend preschool programs tend to be in

programs with higher adult-child ratios,

about 18% above the ratios reported for

normal birth weight children. 25 Because

about 35% of children attend preschool



The Direct Cost of Low Birth Weight

or nursery programs, this increased staff-

ing ratio may have important cost implica-

tions. If the costs of these programs are

roughly proportional to the adult-child

staffing ratio, costs for low birth weight

children enrolled in these programs may
be 18% higher than costs for normal birth

weight children. Based on an average cost

of$2,900 per child in preschool programs,

the incremental cost per low birth weight

child in preschool would be $520.27 If35%
of the approximately 820,000 low birth

weight children ages three to five are en-

rolled in these programs, the total cost

would be $150 million per year in 1988

dollars (see Table 3).

The finding that low birth weight had
no measurable effect on whether a child's

mother worked warrants additional discus-

sion because it contradicts the results of

several previous studies, which found that

mothers of children with chronic health

conditions are less likely to work.28 There
are at least two possible reasons for this

difference. First, although low birth

weight children may have a higher fre-

quency of health problems than normal

birth weight children, their health prob-

lems on average are less severe than the

conditions of children with specific, iden-

tified, major chronic conditions who were

the subjects of these previous studies. Sec-

ond, most publicly funded handicapped
preschool programs, which provide an op-

portunity for mothers to work, were not

initiated until after the earlier studies were

conducted. The latter factor is a poten-

tially important caveat attendant to most
of the preceding discussion of programs

for preschool children. Publicly funded

preschool programs for children with

handicaps or other special needs have

been undergoing substantial expansion in

recent years and are scheduled to con-

tinue to grow. Determining whether these

programs serve low birth weight children

disproportionately will require further

study. 29

Costs Among School-Aged Children

This section examines the incremental

costs associated with the health, school

performance, and behavioral outcomes of

low birth weight children when they are in

school. The focus is on the 6- to 15-year-old

age group. Those under 6 are addressed

in the discussion of preschoolers, and
those 16 and older are excluded because

school performance and the decision to

drop out of school are probably related.

This complicates the analysis of the effect

of low birth weight on those 16 and over.30

A number of studies have examined
the functioning of low birth weight chil-

dren into their school years. Most of these

studies have found that low birth weight

children have average health and function

normally in school. 31 There is evidence,

however, of a higher incidence of neuro-

logic impairments or chronic health con-

ditions in the low birth weight group, and
they also exhibit a greater likelihood of

experiencing difficulties in school. Most
studies, however, do not estimate the costs

associated with these problems among low

birth weight children, and many are based

on samples of children in one geographic

location. 32

For this article, empirical analyses of

the effects of low birth weight among
school-aged children, based on data from
the 1988 CHS-NHIS, were used to make
cost estimates. 30 '33 This data set allows for

multiple measures ofoutcomes and makes
it possible to control for the effects of

confounding variables. 34 Costs associated

with reduced health status, special educa-

tion, and grade retention among 6- to 15-

year-olds who weighed less than 2,500

grams at birth were estimated.

Health Care Costs

Corman and Chaikind used the 1988 CHS-
NHIS to examine the effect of low birth

weight on a number of measures of health

status and health care utilization among
school-aged children. 30 They performed

separate analyses for children ages 6 to 10

and those ages 11 to 15. They found that,

in general, low birth weight children do
not necessarily outgrow many of their

health problems as they mature. Parents of

these children are more likely to report

that they experienced a number of health

problems from a nine-item checklist and

that they are limited in some range of

activities. The analysis also shows that chil-

dren who were low birth weight are more
likely to be absent from school, but the

magnitude of this effect, less than one day

per year on average, is not large.

One particularly costly health effect as-

sociated with low birth weight is an in-

creased use of inpatient hospital care

among children ages 6 to 10. On average,

it appears that low birth weight children

in this age group spend about 0.5 more
nights in the hospital per year for illness

than normal birth weight children. This

difference is substantial in relative terms:
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the mean number of nights in the hospital

per annum for all 6- to 10-year-olds in the

CHS-NHIS is 0.12. 30 Corman and
Chaikind do not report on other measures
of health care utilization in their analyses,

but it appears not unreasonable to expect

that low birth weight children use other

health services more than normal birth

weight children given the increased level

of health problems they experience. The
magnitude of this potential increased level

of health care utilization is difficult to es-

timate and may be small on average.35

In estimating the incremental health

care costs of low birth weight among
school-aged children, a conservative ap-

proach is taken and only the costs directly

associated with increased hospitalization

among 6- to 10-year-olds are counted. Data

from the 1987 NMES suggest that annual

per capita expenditures on care in the

hospital for children 3 to 12 years old were

$112 in 1988 dollars including hospital

and physician charges. 11 Thus, the incre-

mental cost per low birth weight child ages

6 to 10 was about $470 in 1988. For the

approximately 1.3 million low birth weight

children in this age group, the total cost

was $610 million per year in 1988 dollars

(see Table 3).

Schooling Costs

The performance of low birth weight chil-

dren in school is important for several

reasons. First, school is the primary activity

of children, and schools have the opportu-

nity to help compensate for deficiencies

Children ages 6 to 15 who weighed less than 2,500

grams at birth were almost50% more likely than

normal birth weight children to be enrolled in some

type ofspecial education program.

associated with low birth weight that may
linger. Second, school performance is an

important predictor of how children will

function as adults. Also, substantial re-

sources are expended on children's edu-

cation, and disproportionate utilization of

special sendees by low birth weight children

may have significant economic implications.

School performance may be measured
by standardized intelligence and/or
achievement tests, grades, parent ratings,

teacher ratings, grade repetition, and
identification as a special needs student.

Studies show differences between low
birth weight and normal birth weight chil-

dren on many of these measures, but the

differences with the most obvious cost im-

plications are in the areas of special edu-

cation and grade retention. These areas

are the focus of the balance of this section.

Special Education

Several studies have identified the in-

creased use of special education services

among low birth weight children relative

to normal birth weight children. One, us-

ing data from the 1988 CHS-NHIS, found
that, after controlling for a number of

individual, family, and regional factors,

children ages 6 to 15 who weighed less than

2,500 grams at birth were almost 50%
more likely than normal birth weight chil-

dren to be enrolled in some type of special

education program. 33 The analysis also in-

dicated that low birth weight children ap-

peared to be 64% more likely to be
enrolled in special education classes than

normal birth weight children if only medi-

cal factors are controlled for.36

The increased utilization of special

education by low birth weight children can

have a significant impact on the cost of

these programs and on the cost of educa-

tion generally. Data released in the late

1980s showed that the average national

total per pupil expenditure on special edu-

cation was $6,335 in the 1985-86 school

year and that the excess cost of special

education for all programs, defined as the

total per-pupil cost for special education

less the total per-pupil cost for regular

education, was $3,555 per pupil in the

same year.33 Estimates of the annual incre-

mental special education costs associated

with low birth weight range from $447
million to $244 million in 1988-1989 dol-

lars; however, only the best estimate of

$360 million is reported in Table 3.37 This

estimate includes the costs associated with

all types of special education and controls

for a number offamily and socioeconomic

factors which can affect placement in spe-

cial education.

Grade Repetition

Low birth weight children are not only

more likely to use special education serv-

ices than normal birth weight children,

they are also more likely to repeat a grade

in school. Another study, also based on the

1988 CHS-NHIS, found that, particularly

for children ages 1 1 to 15, low birth weight

children, whether in special education or

not, are more likely to have repeated a
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grade at some point in their schooling

than normal birth weight children.30

In general, the likelihood of grade

repetition tends to increase for all chil-

dren regardless of birth weight the longer

they attend school. Therefore, one way to

measure the effect of low birth weight on
grade repetition is to ask how many more
low birth weight children will repeat a

grade by the time secondary schooling is

completed than those who were not low

birth weight. About 31% of low birth

weight children will repeat a grade by

grade 10 compared with about 26% of

normal birth weight children. 30

There are costs associated with this

higher rate of grade repetition among low

birth weight children. The average per

pupil cost of repeating a grade has been

estimated at more than $4,000.38 If 5% of

the approximately 250,000 low birth

weight survivors born every year repeat at

least one grade strictly because oflow birth

weight, the resulting cost may exceed $50

million per cohort. 39 This incremental

cost is incurred each year as members of

successive cohorts of low birth weight chil-

dren move through the nation's education

system and experience slightly elevated an-

nual rates of grade repetition that cumu-
late in a five percentage point differential

relative to normal birth weight children by

grade 10.

Grade retention may also be an impor-

tant marker for future costly life experi-

ences. Evidence suggests that students

who are retained for a grade are substan-

tially more likely to drop out ofschool than

children who are not retained. In general,

high school dropouts tend to have lower

earnings, commit more crimes, and re-

quire more social services than high

school graduates and those who go on to

college. 38 However, no attempt is made in

this article to attribute any of the costs

attendant to these postschool experiences

to low birth weight.

Discussion

The incremental costs associated with low

birth weight exceeded $5.4 billion in 1988

(see Table 3). Of these costs, almost 75%
($4.0 billion) were due to the health care

cost of infants. The balance was associated

with increased health care, specialized

child care, and education costs among
children 3 to 15 years of age.

The costs of low birth weight may be

underestimated in this article. With the

exception of the medical costs in the first

year of life, estimates are based on rates of

utilization of resources inferred from na-

tional surveys. Accordingly, costs that have

not been identified in these surveys were
not taken into account. For example, costs

for one-year-olds (see Table 3) were not

About 31 % of low birth weight children

will repeat a grade by grade 1

0

compared with about 26% ofnormal

birth weight children.

included. However, there is reason to be-

lieve that incremental costs are associated

with low birth weight in this age group.

Data from the Infant Health and Develop-

ment Program (IHDP), a major control-

led trial to evaluate the effects of early

intervention programs on low birth weight

children ages zero to three years, indicate

that one- and two-year-olds in both the

experimental and control groups of that

trial averaged about 0.15 hospitalizations

per year.40 This rate of hospitalization is

more than twice as high as rates of hospi-

talization reported for all one- to four-year-

olds in the National Hospital Discharge

Survey. 41 This finding of increased rates

of hospitalization among low birth weight

one- and two-year-olds is also consistent

with findings, reported in this article, of

increased rates of hospital use among low

birth weight infants and 3- to 1 1-year-olds.

Because this article is limited to cost esti-

mates derived from nationally repre-

sentative data sources, an estimate of the

incremental costs ($50 to $60 million per

year based on the IHDP data) associated

with increased hospitalizations among low

birth weight one- and two-year-olds is not

included in the estimate of incremental

costs. Estimates of increased health care

costs, other than those associated with hos-

pitalization for low birth weight children age

one and older, also are not included, al-

though there is reason to believe that consid-

erable ambulatory care costs are associated

with low birth weight in this age group.42

Errors may also result from failure to

account adequately for the costs associ-

ated with infrequent but very costly condi-

tions associated with low birth weight, the

costs borne directly and indirectly by the

families of low birth weight children but
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not identified in national surveys, and the

costs of sendees, such as early intervention

programs, which were just being phased in

at die time ofthe surveys used in this analysis.

Important costs resulting from severely

debilitating conditions associated with low

birth weight not specifically addressed in

this article are the costs of long-term care

in hospitals, schools, and other institu-

tions for the chronically ill, mentally re-

The costs of developmental services are not

inconsequential and may be an important

source of incremental expenditures on

handicapped low birth weight children.

tarded, and physically handicapped (insti-

tutionalization) and the costs of develop-

mental sendees. Differential rates of insti-

tutionalization for low birth weight
children cannot be measured in the CHS-
NHIS, NHES, or NMES data sets used in

this analysis. Costs of institutionalization

were, however, an important component
of the OTA's estimate of the costs of low

birth weight, accounting for almost half of

the costs for 5- to 15-year-olds reported in

Table l.4 The OTA's estimate, however,

was not based on hard data about rates of

institutionalization of low birth weight

children. Instead, it reflected a range of

assumptions about the likelihood that se-

verely impaired children would be institu-

tionalized. Based on data from a more
recent report, which used data from Cali-

fornia to estimate the costs of 11 major

birth defects, it was determined that the

cost of institutionalization accounted for

about 16% of the annual incremental cost

of cerebral palsy.43 Cerebral palsy, al-

though much more prevalent among low

birth weight children than among those

born weighing more than 2,500 grams, is

relatively rare (about 1.7 cases per 100

children) .

44 Moreover, rates of institution-

alization among 0- to 15-year-olds for all

health-related reasons are very low in the

United States today. Accordingly, it is un-

likely that the estimates presented here are

seriously biased by failure to account for

institutionalization among low birth

weight children.45

Developmental services, which include

day care programs, case management and
counseling, and respite care for clients

and their families, supplement traditional

medical care for seriously handicapped
individuals and may, in some cases, substi-

tute for institutionalization. The costs of

developmental services are not inconse-

quential and may be an important source

of incremental expenditures on handi-

capped low birth weight children which we
have not measured adequately in this

study. The costs of developmental services

have been estimated to account for 9% to

14% of the total incremental costs of cere-

bral palsy exclusive of the costs of institu-

tionalization.43 Low birth weight children

with cerebral palsy are more likely to re-

ceive developmental services than the ma-
jority of low birth weight children who
typically experience conditions that are

less severe or not disabling. However,
given that other high-cost conditions asso-

ciated with low birth weight may require

developmental services similar to those

provided for children with cerebral palsy,

the cost estimates reported in Table 3 may
understate the costs of low birth weight by

5% to 10%.

Other potentially undercounted costs

are those borne directly by families due to

modification of everyday activities to ac-

commodate the disproportionate care

needs of low birth weight children. These

costs originate in the added expense of

travel to the hospital to visit low birth

weight infants who remain in care after

their mothers are discharged and include

other costs associated with increased utili-

zation of health care services by some low

birth weight children after their initial hos-

pitalization.46 An important part of the

travel costs is the time foregone by parents

from other activities. Parents' time fore-

gone from other activities is also an impor-

tant component of the cost of the

additional care many low birth weight ba-

bies require. Some of these costs have

been documented for small samples of

families with very low birth weight infants

and for families of chronically ill and se-

verely disabled children,47 but the burden

associated with these costs for low birth

weight children as a group has yet to be

determined. Incremental expenditures

on nonhealth goods and services such as

transportation, clothing, diet, laundry,

and baby-sitting may be of considerable

importance for some families of low birth

weight children with significant handi-

caps, but these costs also have not been

well documented. 28 On the other hand,

some family costs such as out-of-pocket
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expenditures for health care, a significant

burden for some families, are probably

included in the health care cost estimates.

Other costs, such as reduced labor force

participation of mothers of disabled chil-

dren, may be less important today than

previously as publicly financed child care

in handicapped preschool and enrich-

ment programs releases family members
from child care duties to pursue market

activities.48

Important new activities that may in-

volve low birth weight children dispropor-

tionately but may be underrepresented in

the surveys relied on for this analysis are

the new early intervention programs man-
dated by the 1986 amendments to the Edu-

cation of the Handicapped Act (now
known as the Individuals with Disabilities

Education Act, or IDEA) . Part H of the act

provides federal assistance to states for

early intervention services for very young
children (birth to age 3) with handicaps

and their families. 49 The federal grants

support coordination of services across

agencies to ensure that comprehensive

early intervention services are available on
a statewide basis. States are allowed flexi-

bility in defining developmental delay and
may include those children at risk of de-

lay. 50 Given the increased risk of disability

for low birth weight children, they are

more likely to be eligible for Part H pro-

grams than are normal birth weight chil-

dren. Most of the costs of Part H programs
probably have not been captured in this

article because the data used are from time

periods before the full implementation of

the new programs in most states and be-

fore any implementation in other states

and because the surveys used in these

analyses did not ask questions about par-

ticipation in special preschool programs
except Head Start.51

Just as some developments may in-

crease the measurable cost of low birth

weight, other developments may reduce

these costs. Evidence is accumulating that

the rapid and widespread adoption of ex-

ogenous surfactant to treat low birth

weight babies may not only increase sur-

vival but may also save medical care costs

during the very expensive first few months
of life. A recent study of the effect of sur-

factant on resource use in newborn infants

weighing 500 to 1,500 grams found that

the introduction of surfactant in the late

1980s reduced inflation-adjusted charges

for babies who survived by approximately

10%.52 Charges also declined for babies

who died, but the reduction, although

large, was not statistically significant. Ex-

trapolating these changes to the national

level and adjusting for the costs associated

with an increase in the survival rate yields

an estimate of the cost savings attributable

to surfactant of $2,760 per very low birth

weight infant. 53

It may well be that babies treated with

surfactant will have better health out-

comes generally so that costs after dis-

charge from the NICU will also be re-

duced. Similarly, it may be that cost savings

will be realized in the future if the early

intervention programs implemented under
PartH prove to be as effective in widespread

implementation as some have been demon-
strated to be in particular situations.54

All things considered, it appears likely

that the cost of low birth weight ($5.4

billion in 1988—see Table 3) may be un-

derestimated by at least 10% primarily be-

cause of failure to account for very cosdy

special services (long-term care and devel-

opmental services) used disproportion-

ately by severely handicapped low birth

weight children and early intervention

and other special services for very young
children. This suggests that the cost of low

birth weight may have exceeded $6.0 bil-

lion in 1988. Recognition of the high costs

associated with a relatively small number
of severely handicapped children also un-

derscores the fact that estimates of mean
expenditures per low birth weight child

may be misleading. Costs for low birth

weight children with specific handicap-

ping conditions may be at least an order

of magnitude higher than the average

costs reported in Table 3.55 On a popula-

tion basis, these high-cost children are bal-

anced by the large number of low birth

weight children without significant, costly

pathology. For the families of severely in-

capacitated children, however, these costs

are real and speak to the need for either

private insurance and/or public programs

to provide financing not only for acute medi-

cal care but also for the cosdy and diverse

array of services these children require.

Comparison with

Other Health Problems

The incremental cost oflow birth weight

—

$5.4 (and perhaps more than $6.0) billion

in 1988—while a substantial number, is

more meaningful when compared with es-

timates of the direct costs of other impor-

tant health problems. As can be seen in the
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top panel ofTable 4, the annual direct cost

of low birth weight is about one-third the

annual direct cost of smoking and two-

thirds the direct cost of alcohol abuse. The
deleterious consequences of smoking and
alcohol abuse fall primarily on older and
middle-aged Americans, however, while

low birth weight primarily impacts families

with young children. Unintentional injuries

are the leading cause of death in children

after infancy (see the Child Indicators article

The annual direct cost of low

birth weight continues to

exceed the cost ofAIDS.

in this journal issue) and appear to be

about as costly as low birth weight. In con-

trast, the annual direct cost of low birth

weight was several times the annual direct

cost of AIDS among persons of all ages in

1988 and, although the cost of AIDS has

grown very rapidly since 1988, the authors

believe that the annual direct cost of low

birth weight continues to exceed the cost

ofAIDS.56 AIDS has received much public

attention and increased research funding

in recent years.

The bottom panel of Table 4 presents

another illustration of how cost-of-illness

estimates can be used to facilitate decision

making, examination of the incremental

contribution of low birth weight to na-

tional costs. As can be seen in the table,

the incremental health care costs of low

birth weight account for approximately

10% of annual health care expenditures

on children. Interventions which effec-

tively reduce the rate of low birth weight

would release these resources either to

attack other health problems or for non-

health uses. About 75% of the costs of low

birth weight are incurred in the care of

infants, so interventions that reduce the

number oflow birth weight births can have

an immediate and important effect on

costs. Costs incurred by older children will,

however, be reduced more gradually as the

birth cohorts with reduced rates of low

birth weight age. Reducing the rate of low

birth weight births will have a smaller rela-

tive impact on the nation's education

budget than on the health budget. The

incremental costs of low birth weight ac-

count for only 2% of the special education

budget and only 0.2% of the total expen-

ditures on education. Moreover, most of

the savings in education costs will not be

realized for many years after a reduction

in the number of low birth weight births.

Potential savings in special programs for

children ages zero to five years of age

which result from a reduction in the num-
ber of low birth weight births may be real-

ized more rapidly than savings in

school-aged children, but quantifying the

extent of these potential savings is prob-

lematic at this point in time.

Ultimately, the real costs of low birth

weight are the costs experienced by hu-

man beings who are not able to realize

their potential. The costs that have been

counted and attributed to low birth weight

in this article primarily measure the value

of the resources society currently expends

in an effort to compensate for low birth

weight among children. But, despite the

resources expended on compensatory ac-

tivities during infancy, childhood, and

youth, many low birth weight children

reach adulthood with a disproportionate

share of health and developmental prob-

lems. Although the extent and severity of

these problems have yet to be accurately

measured, the evidence suggests that re-

sidual problems experienced by adults

who were born at low birth weight may be

large in terms of increased morbidity, lost

earnings, and increased demand for

health and social services.5?

From a public policy perspective, the

cost estimates presented in this report sug-

gest that the aggregate annual costs of low

birth weight are of a similar order of mag-

nitude as other health problems which

have received public attention in recent

years. Moreover, the payback from pro-

grams that are effective at reducing the

prevalence of low birth weight should be

quite rapid. The key action step is to iden-

tify such interventions and then provide

the resources and leadership to see that

they are effectively implemented.
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Table 4

Cost of Low Birth Weight in Perspective

Comparison of Annual Direct Cost of Low Birth Weight to Annual Direct

Costs of Other Major Health Problems

Health Problem Age Cost,

1988 Dollars

(millions)

Smoking all° $ 17,000

Alcohol abuse all
a 9,100

Low birth weight Oto 15 5,40CH5,000'

Injuries Oto 14b 5,500

AIDS all
c 1,800-2,400"

Contribution of Low Birth Weight to National Costs of Services for Children

Service Cost,

1988 Dollars

(millions)

Percentage of Total Cost

Due to

Low Birth Weight

Health care for childrend $ 53.000.

Low birth weight health care 4,900-5,400* 9-10%

Special education 65 17,000

Low birth weight special education 360 2%

Total education f 209,000

Low birth weight grade retention and

special education costs 410 2%

'Range of estimates reflects potential underestimate of costs for very high-cost children.

"Range of estimates reflects variation in published estimates of costs of AIDS.

Sources:
a

Horgan. C. Marsden. M.E., and Larson, M.J. Substance abuse: The Nation's number one health problem: Key

indicators for policy. Princeton, NJ: Robert Wood Johnson Foundation, 1993, p. 16, Chart 4.

b
Rice, DP., and MacKenzie, E.J. Cost of injury In the United States: A report to Congress. San Francisco: Institute for

Health and Aging, University of California, and Baltimore, MD: Injury Prevention Center, Johns Hopkins University,

1989, p. 89, Table 20.
c

See note no. 56 at the end of this article for a more complete description of estimates of the cost of AIDS.
d

Lewit, E.M., and Monheit, A. Expenditures on health care for children and pregnant women. The Future of Children

(Winter 1992)2,2:95-114.
6

Chalkind, S., Danielson, L.C, and Brauen, Ml. What do we know about the costs of special education? A
selected review. Journal of Special Education (1993) 26,4:344-70, p. 361 , Table 5.

f

National Center for Education Statistics, Department of Education. Telephone conversation with Vance Grant,

November 20, 1994.

1 . Data on charges for care in neonatal intensive care units (NICUs) may be available, but the

costs of physician care in the NICU and during subsequent hospital stay after discharge from

the unit are typically billed separately and may not be available. Moreover, a high proportion

of sick low birth weight babies are transferred between hospitals (sometimes several times),

and it is difficult to track the costs associated with care in different institutions because

universal identifiers to facilitate the tracking of these transferred infants typically do not

exist. This same factor makes identification and attribution by birth weight of the costs of

rehospitalization of infants problematic. As a result of the complexities of hospital

accounting systems, third-party payment arrangements, and cross-subsidized care, hospital

charge data, particularly for small samples of infants or for a single institution, may not

provide good estimates of the actual cost of the care provided.
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2. Data from the 1988 Child Health Supplement to the National Health Interview Survey, which
are used throughout this analysis, suggest there were nearly 4 million (3,955,496) surviving

children ages 0 to 15 who were born low birth weight. To test the validity of these data, the

number of low birth weight children in each age group was calculated using data from the

Vital Statistics System and other sources, subtracting the number of deaths from births for

each birth weight category for the years 1973 to 1988. (National Center for Health Statistics.

Advance report offinal natality statistics, 1987. Monthly Vital Statistics Report, Vol. 38, No. 3,

Suppl. Hyattsville, MD: Public Health Service, 1989, p. 24, Table 11; National Center for

Health Statistics. Health, United States, 1992. Hyattsville, MD: Public Health Service, 1993,

pp. 21, 22, 36, Tables 7, 8, 19; National Center for Health Statistics. Health, United States,

1987. Washington, DC: Public Health Service, 1988, p. 36, Table 7; Unpublished tables from
the Vital Statistics System; National Center for Health Statistics, Mortality Division.

Telephone conversation with Ken Kochanek, December 7, 1994; Unpublished data from

New York State.) This exercise resulted in a total of 3,535,650 surviving low birth weight

children ages 0 to 15 in 1988. While the figures do not match exactly, they are close enough
to give confidence that the number of low birth weight children ages 0 and 15 was between

3.5 and 4 million in 1988.

3. Boyle, M., Torrance, G., Sinclair, J., and Horwood, S. Economic evaluation of neonatal

intensive care of very-low-birth-weight infants. New EnglandJournal ofMedicine (June 2, 1983)

308:1330-37.

4. U.S. Congress, Office of Technology Assessment. Healthy children: Investing in thefuture.

OTA-A-345. Washington, DC: U.S. Government Printing Office, February 1988, pp. 212-35.

5. The Institute of Medicine included an analysis of some of the effects of low birth weight on
health care expenditures in its 1985 report Preventing low birth weight. Washington, DC:
National Academy Press, 1985.

6. For neonatal care, the actual costs at the three hospitals providing neonatal care in the

Ontario county studied were reported. These were supplemented with information on
physician charges and other neonatal health care costs, and the costs of resources consumed
by children after their initial discharge from the hospital including both health care and
other costs (institutional care, special services, special education, and the like) . Parents were

interviewed to determine the types, sources, and costs of services used by surviving children.

Because longer-term outcomes were not observed for the younger children at the time of

the study, costs were forecast for children in the intensive care groups. Also reported in the

original publication are projected lifetime earnings and health care costs to death, typically

as an adult.

7. The OTA used many secondary data sources to construct its estimates. Hospital costs from the

state of Maryland for newborn care by birth weight category were used to estimate initial

hospitalization costs. Physician charges for NICU care, however, were estimated as a

percentage of hospital charges, and rehospitalization costs were based on a study of

rehospitalization rates of a sample of low birth weight babies and the national average daily

cost for a hospital stay. (McCormick, M.C., Bernbaum, J.C., Eisenberg, J.M., et al. Costs

incurred by parents of very low birth weight infants after the initial neonatal hospitalization.

Pediatrics [September 1991] 88,3:533-41.) Long-term health care costs were even more
difficult to estimate. Cost estimates were based on population estimates of the prevalence of

moderate and severe disabilities among low birth weight babies at age one and of the cost of

services provided, by level of disability, to severely and moderately mentally retarded people

(most ofwhom were not low birth weight)

.

8. Estimated annual costs per survivor are calculated by dividing undiscounted costs from

discharge to age 15 by estimated life-years per live birth. Life-years per live birth (11.1 years

for infants weighing 1,000 to 1,500 grams and 3.4 years for infants weighing 500 to 999

grams) is a measure of survival to age 15. This calculation assumes that costs after discharge

are spread evenly over the first 15 years of life.

9. The Gross Domestic Product (GDP) deflator is a commonly used statistical index that can be

used to adjust for the effects of inflation. It is used here to adjust dollar values for years other

than 1988 to be comparable to those for 1988. See U.S. Department of Commerce. Statistical

Abstract of the United States, 1993. 1 13th ed. Lanham, MD: Bernan, 1993.

1 0. Birth-weight-specific infant survival rates for New York State, exclusive ofNew York City, were

29 per 100 for babies weighing less than 1,001 grams, 81 per 100 for babies weighing

between 1,001 and 1,500 grams, and 88 per 100 for babies weighing from 1,501 to 2,500

grams in 1980. By 1990, birth-weight-specific survival rates for these same groups had

increased to 52 per 100, 93 per 100, and 95 per 100, respectively. (New York State

Department of Health. Personal correspondence with Timothy Smith, August 11, 1994.)
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11. Lewit, E.M., and Monheit, A.C. Expenditures on health care for children and pregnant
women. The Future of Children (Winter 1992) 2,2:95-114.

12. Long, S.H., Marquis, M.S., and Harrison, G.R. The cost and financing of perinatal care in the

United States. AmericanJournal ofPublic Health (September 1994) 84,9:1473-78.

13. The claims data represent all maternity-related and infant claims for a 24-month period

between September 1, 1989, and August 31, 1991. Information about the charges incurred

by almost 59,000 mother-infant pairs is included in the data. Six diagnosis-related group
(DRG) categories reported on the claims record were used to describe the birth status of the

infants. Three DRGs identified low birth weight and/or premature infants. Claims for up to

one year of postdelivery care of infants in the various DRG categories are used to estimate

the relative cost of care for infants of different birth weights during the first year of life.

Chollet, D.J., Newman, Jr., J.R, and Sumner, A.T. The corporate cost of poor birth outcomes.

In Infant fiealth in America: Everybody 's business. Hartford, CT: CIGNA, 1992, pp. 3-23.

14. Private insurance companies, such as CIGNA, have traditionally reimbursed health care

providers (doctors, hospitals, and others) for charges that tend to exceed costs, in part to

cross-subsidize discounted and uncompensated care. Hence, national estimates based on
extrapolations of insurance claims data may substantially overstate the cost of care for

infants. In addition, privately insured births may not be a representative sample of all births

in the United States. The socioeconomic, racial, geographic, and physiological makeup of a

sample of insured births is likely to underrepresent high-risk babies as compared with the

national birth cohort.

15. Specifically, the CIGNA data were used to obtain estimates of the relative cost of care for

infants in three groups: all normal birth weight babies, extremely premature babies (those

weighing less than 1,000 grams (2 pounds, 3 ounces) at birth or diagnosed with respiratory

distress syndrome, and all other low birth weight babies. In 1988, some 3.6 million babies

were born weighing more than 2,500 grams, 23,762 weighing less than 1,000 grams, and

246,919 weighing 1,000 to 2,499 grams. There are no national data on the number with

respiratory distress syndrome (RDS). This number was estimated as follows: Data from the

Vermont-Oxford Neonatal Network suggest that about 80% of extremely low birth weight

babies suffer from RDS. Data from the CDC (Becerra, J.E., Fry, Y.W., and Rowley, D.L.

Morbidity estimates of conditions originating in the perinatal period: United States, 1986

through 1987. Pediatrics [September 1991] 88,3:553-59) suggest that 19.2% of all low birth

weight babies have RDS. Applying these percentages to the 1988 birth data provided an

estimate of the number of babies weighing 1,000 to 2,499 grams who had RDS (32,961).

Adding this estimate to the number of extremely low birth weight babies and subtracting it

from the number of babies weighing 1,000 to 2,499 grams yielded estimates of the number
of babies born in 1988 in each of the three groups—normal, extremely premature, and

other low birth weight. These population estimates were next multiplied by the relative cost

weights derived from the CIGNA claims data. The resulting product was then divided into

the estimate of the cost of infant care, $11.4 billion, in 1988. (Lewit and Monheit [see note

no. 11] estimated expenditures on health care for infants in 1987 at $12.6 billion. Long,

Marquis, and Harrison [see note no. 12] estimated the cost of infant care at $10.1 billion in

1989. The mean of these two estimates, $11.4 billion, was used to derive an estimate of the

cost of health care for low birth weight infants.) The resulting quotient was an estimate of

the cost of care of a normal birth weight baby (reported in Table 2). This estimate was then

multiplied by the relative cost weights derived from the CIGNA data for extremely

premature and other low birth weight babies to obtain estimates for the mean costs of care

for infants in these groups. These estimates, less the estimated first-year cost of a normal

birth weight baby, are reported as the incremental cost estimates in Table 2.

16. The Child Health Supplement of the 1988 National Health Interview Survey (CHS-NHIS) is a

large nationally representative survey which contains detailed information on the health,

school performance, and behavior of children as well as information on their birth weight

and demographic and socioeconomic characteristics. It includes extensive information

about health, medical conditions, health care utilization, child care arrangements, and

maternal employment. The results of studies based on the 1988 CHS-NHIS of the use of

health care and special education services and grade repetition by children of different birth

weights are used in this analysis. The 1991 National Household Education Survey's (NHES)
Pre-primary and Primary Surveys, which collected information on 6,700 children ages three

to five who range from no schooling to grade 2, are used to examine the effect of birth

weight on the use of preschool programs and maternal labor force participation. The

surveys contain less information on health status than the CHS-NHIS but far more detailed

information on preschool child care arrangements, including Head Start programs.

17. Other variables controlled in these analyses include race/ethnicity, region of residence,

residence in a rural or urban area, age, and gender.
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18. An earlier analysis of low birth weight children using the 1981 CHS-NHIS addressed a similar

concern arising from the small number of very low birth weight children in that data set.

Examination of the excess morbidity due to low birth weight showed, however, that most of

this morbidity was attributable to children with moderately low birth weight (from 1 ,500 to

2,499 grams, or from 3 pounds, 5 ounces to 5 pounds, 8 ounces) and not the tiniest infants.

(Overpeck, M.D., Hendershot, G.E., Hoffman, H.J., and Moss, A.J. A comparison of the

childhood health status of normal birth weight and low birth weight infants. Public Health

Reports (January/February 1989) 104,1:58-70.)

19. In addition, information about birth weight is not available for those over 17 years of age, and
information about those ages 16 and 17 may be somewhat unreliable because the number of
low birth weight respondents is small. Therefore, findings for children older than 15 years

are not reported.

20. A potential problem with the CHS-NHIS estimates is that they might underestimate the

number of low birth weight children because the sampling frame does not include children

in long-term care facilities and other institutions. However, the CHS-NHIS estimates are

consistent with population estimates based on national vital statistics.

21 . For an example of the variability of these estimates, compare them with the OTA and
Canadian estimates in Table 1. Also, data from New York State suggest that, in 1991, the

mean hospital charge for the initial hospitalization of low birth weight infants in that state

was $12,000 (1988 dollars) compared with a charge of $1,100 for normal birth weight babies

(tabular data provided by William Kelly, Center for Health Policy Studies, July 26, 1994).

Data from a 1985 stratified sample of urban hospitals showed that low birth weight infants

represented 9% of the neonatal patient load but consumed 57% of the aggregate cost of

neonatal hospital care. Neonates weighing 500 to 1,499 grams accounted for more than

one-third of costs in the same sample. In 1988 dollars, the mean cost for a normal birth

weight neonate in the sample was $850; for a low birth weight neonate, costs averaged

$9,600; and for extremely low birth weight babies, costs averaged $34,000. Schwartz, R. What
price prematurity? Family Planning Perspectives (July/August 1989) 21,4:170-74. Unpublished
data from California for 1984-1987 suggest mean costs for the initial hospitalization of very

low birth weight singleton live births in the Medicaid population were more than $55,000 in

1988 dollars. This estimate includes the cost of stays at more than one hospital for babies

who were transferred during their initial hospitalization. (RAND Corporation. Telephone
conversation with and fax from Jeanette Rogowski, July 13, 1994.)

22. Lewit and Monheit (note no. 11) report that a substantial portion of the increase in the cost

of care for infants between 1977 and 1987 cannot be explained by price changes or

population growth. It appears to have resulted from technological change that increased

survival among low birth weight infants. As discussed in the text, the total cost of care for

surviving high-risk infants is typically much higher than the cost of care for similar infants

who die.

23. Crowe, T.K., Deitz, J.C., Bennett, EC, and TeKolste, K. Preschool motor skills of children born

prematurely and not diagnosed as having cerebral palsy. Journal ofDevelopmental and
Behavioral Pediatrics (August 1988) 9,4:189-93; Mazer, B., Piper, M.C, and Ramsay, M.

Developmental outcome in very low birth weight infants 6 to 36 months old. Journal of

Developmental and Behavioral Pediatrics (October 1988) 9,5:293-97; Rose, S.A., Feldman, J.F.,

Rose, S.L., et al. Behavior problems at 3 and 6 years: Prevalence and continuity in full-terms

and preterms. Development and Psychopathology (1992) 4,3:361-74; Szatmari, P., Saigal, S.,

Rosenbaum, P., et al. Psychiatric disorders at five years among children with birth weights

less than lOOOg: A regional perspective. Developmental Medicine and Child Neurology

(November 1990) 32,11:954-62.

24. An exception is the analysis of the 1981 CHS-NHIS performed by statisticians at the National

Institutes of Health (see note no. 18) . At the time of their analysis, the 1981 CHS-NHIS was

the most comprehensive data base of a representative sample of U.S. children reflecting

aspects of their lives as related to their health status. Health status was represented in the

1981 study by lifetime chronic conditions, hospital stays, bed days, and limitations on activity.

The analysis of children under age six found that not all the reported differences between

low birth weight and normal birth weight children were statistically significant. However, a

pattern of increased frequencies of persistent health problems among low birth weight

children was documented on a number of different measures. For those indicators that have

implications for resource utilization (bed days and hospital stays), the differences are

statistically significant and large. The rates for low birth weight children are approximately

twice the rates for those of normal birth weight. For example, 10.5% of low birth weight

children had two or more hospital stays, compared with 4.8% of normal birth weight

children. Although these findings from the 1981 CHS-NHIS are quite suggestive, much has

changed since these data were collected. Survival rates for low birth weight infants have risen
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steadily, hospitalization rates for children have declined steadily, and the scope and
availability of child care programs of a general and specialized nature have mushroomed.
For these reasons, the 1981 data should be interpreted with caution in discussions of the

costs of low birth weight today.

25. Corman, H. The effects of low birth weight and other medical risk factors on resource

utilization in the preschool vears. Report to the Center for the Future of Children, June
1994.

26. Corman's research using the 1988 CHS-NHIS (see note no. 25) suggests that low birth weight

children ages three to five average 0.23 days in the hospital per year compared with a mean
of 0.06 days for normal birth weight children of the same age. Data from the 1987 NMES
suggest expenditures of $112 (1988) per child ages 3 to 12 for both physician and hospital

charges associated with inpatient care (see note no. 11, Lewit and Monheit). Assuming that

the cost of the incremental increase in hospitalization for low birth weight children is

proportional to the cost of hospitalization for all three- to five-year-olds results in an

incremental cost of $290 per low birth weight child in this age group and an aggregate cost

of $240 million based on approximately 820,000 low birth weight children in the United

States in this age group in 1988 (see note no. 2).

27. The estimated cost of $2,900 comes from the 1990 National Child Care Survey and represents

the average yearly price that families with working mothers pay for all types of child care

programs ($3,260) deflated to 1988 dollars (Galinsky, E., and Friedman, D.F. Education before

school: Investing in quality child care. New York: Scholastic, 1993, p. 86) . Because it includes

payments for all types of child care programs, and not just part-day preschool or nursery

school programs, it may be an overestimate of the costs. Unfortunately, information on the

costs of part-day programs is not readily available. However, there is reason to believe that

this estimate is fairly close. Partly because of differences in staff salaries, the costs of part-day

programs tend to be very similar to those of full-day programs (National Association for the

Education of Young Children. Telephone conversation with Barbara Wilier, November 21,

1994). In addition, Head Start, which is a program included in these cost estimates, had an

average federal payment of $2,700 per child in 1988, quite near the $2,900 survey estimate

(Administration on Children, Youth, and Families. Project Head Start: Statisticalfact slieet.

Washington, DC: U.S. Department of Health and Human Services,January 1993, p. 3).

28. A number of these studies are summarized in Salkever, D.S. Parental opportunity costs and
other economic costs of children's disabling conditions. In Issues in the care of children with

chronic illness. N. Hobbs andJ.M. Perrin, eds. San Francisco: Jossey-Bass, 1985. Salkever notes

that the finding of reduced labor market participation by mothers of children with chronic

health conditions has not been uniformly reported for all family types, income levels, and
racial groups. While the reasons income or race may influence the effects of children's

handicaps on parental labor supply is unclear, it appears that small sample sizes in certain

population subgroups make reliable measurement of any effect difficult. In addition to the

negative effect children's ill health has on maternal labor force participation, it appears that

mothers of chronically ill children also earn less per hour worked.

29. Moreover, the availability and growth of these programs has been uneven in different parts of

the country. Thus, surveys conducted in the late 1980s and early 1990s may have

underestimated the need for these services and the eventual enrollment in these programs

once they become fully disseminated and operational. Data being collected today and in the

future may similarly underestimate the need for and costs of these special preschool

programs until they are expanded to meet adequately the demand for their services.

30. Corman, H., and Chaikind, S. The effect oflow birth weight on the health, behavior and school

performance ofschool-aged children. Working Paper No. 4409. Cambridge, MA: National Bureau

of Economic Research, July 1993.

31. See, for example, Smith, A.E., and Knight-Jones, E.B. The abilities of very low birth weight

children and their classroom conuols. Developmental Medicine and Child Neurology (July 1990)

32,7:590-601; Drillien, CM., Thomson, A.J., and Burgoyne, K. Low birth weight children at

early school age: A longitudinal study. Developmental Medicine and Child Neurology (Februarv

1980) 22,1:26-47.

32. Geographically restricted samples may result in several sources of error in assessing the impact

of low birth weight. First, estimates of the actual prevalence of health, learning, and

behavioral problems may be biased if the sample of children is not adequately representative

of the national population of children. Second, the availability of health and education

programs and resources may vary geographically with the result that measures of program

participation in one area mav not be generalizable to other areas.

33. Chaikind, S., and Corman, H. The impact of low birth weight on special education costs.

Journal ofHealth Economics (1991) 10:291-311.
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34. Such statistical control is extremely important to obtaining unbiased estimates of the

incremental effect of low birth weight. Low birth weight births tend to occur more
frequendy among lower socioeconomic population groups. Children from these groups may
have health and school problems largely unrelated to birth weight. Failure to control for

these confounders could lead to an overestimate of the cost of low birth weight. In fact, the

impact of socioeconomic factors on the well-being of children is so strong that some
researchers have concluded that, by the time children reach a certain age, the consequences
of socioeconomic factors completely overwhelm birth weight in determining well-being (see

the article by Hack, Klein, and Taylor in thisjournal issue). However, the studies reviewed in

this article suggest otherwise.

35. For example, an analysis of the effects of low birth weight in the 1981 CHS-NHIS found
increased rates of hospital utilization among low birth weight children but no differences in

the frequency of doctor visits between low birth weight children and those of normal birth

weight (see note no. 18, Overpeck, Hendershot, Hoffman, and Moss).

36. Hence, the analysis gives some support to the notion that the school-related problems low

birth weight children encounter with greater frequency than normal birth weight children

are, in part, attributable to socioeconomic factors associated with increased low birth weight.

However, the evidence also suggests that the differential utilization of special education by

low birth weight children cannot be attributed primarily to social factors.

37. Chaikind and Corman (see note no. 33) report cost estimates for the 1989-90 school year.

The figures reported in the text are their estimates adjusted to 1988-89 dollars using the

GDP deflator.

38. Shepard, L.A., and Smith, M.L. Synthesis of research on grade retention. Educational

Leadership (May 1990) :84-88.

39. In 1988, approximately 250,000 low birth weight infants survived, according to birth and
death data from the Vital Statistics System. Because of increasing success in saving low birth

weight babies, the total number of survivors has increased over time. For example, in 1973

there were about 210,000 infant survivors, and in 1983 there were about 231,000 infant

survivors (see note no. 2 for data sources)

.

40. McCormick, M.C., Brooks-Gunn,
J.,

Shapiro, S., et al. Health care use among young children

in day care: Results in a randomized trial of early intervention. Journal of the American Medical

Association (May 1, 1991) 265,17:2212-17.

41. Information from the National Center for Health Statistics, Data Dissemination Branch.

November 22, 1994.

42. Shankaran, S., Cohen, S.N., Linver, M., and Zonia, S. Medical care costs of high-risk infants

after neonatal intensive care: A controlled study. Pediatrics (1988) 81,3:372-78.

43. Waitzman, N.J, Scheffler, R.M., and Romano, RS. Cost of birth defects. Lanham, MD: University

Press of America. (In press.) Waitzman, N.J, Scheffler, R.M., and Romano, PS. Estimates of

the economic cost of birth defects. Inquiry (Summer 1994) 31:188-205.

44. The incremental prevalence, or the prevalence above and beyond the prevalence for normal

birth weight children, of cerebral palsy among low birth weight children is 1.6 per 100.

Bhushan, V., Paneth, N., and Kiely.J.L. Impact of improved survival of very low birth weight

infants on recent secular trends in the prevalence of cerebral palsy. Pediatrics (June 1993)

91,6:1094-1100.

45. According to unpublished data from the U.S. Bureau of the Census, approximately 54,000

children ages 0 to 15 were institutionalized in 1990. More than 50% of these placements

appear to be in 'juvenile institutions" such as reform schools. If low birth weight children

were four times as likely as normal birth weight children to be institutionalized in health

care facilities, the cost of their institutionalization would be approximately $160 million per
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The Role of Basic
Science in Preventing
Low Birth Weight
Peter W. Ncrfhanielsz

Abstract

Recent experimental studies in a wide range of animal species have shown that the

fetus determines the duration of pregnancy. The mechanism by which the birth

process is initiated is closely linked to the normal maturation of vital fetal organs,

such as the lungs. Thus, under normal circumstances, the fetus should be adequately

prepared for the challenges of an independent life after birth. The fetal endocrine

changes that lead to birth result in increased maternal estrogen production and
sdmulation of effective uterine contractility and dilation of the cervix. Preterm
delivery can occur as a result of several different pathological processes, including

infection and various forms of stress. Successful strategies for preventing the preterm

delivery of low birth weight infants will depend upon an improved ability to diagnose

which of the many components of the normal birth process has been prematurely

acdvated in each pregnant padent undergoing premature labor.
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Preterm labor occurs in approximately 10% of all pregnancies in

the United States, and yet it gives rise to 75% of perinatal mortal-

ity.
1 The challenge for basic science is to understand the mecha-

nisms that lead to normal delivery at the end of a normal pregnancy and
to determine the critical points at which abnormal situations may pre-

cipitate preterm delivery of babies that have not reached their full birth

weight and full maturation. In the past 20 years, considerable advances

have been made in identifying the significant regulators of normal fetal

growth and development. A clear picture has emerged from experimen-

tal studies on animals of how normal growth and maturation are linked

and matched to the processes which initiate labor and delivery. A vast

body ofknowledge is available describing the genetic, cellular, tissue, and
organ system functions that are responsible for normal fetal growth and
the regulation of the birthing process.

One clear outcome of research in the fetus occur several weeks before deliver)'.

past 20 years is the understanding that the

birth process is a complex multifactorial

system of interconnected physiological

mechanisms. In addition, we shall see that

preparatory changes in both mother and

The birth process viewed in its entirety is

not as sudden and dramatic as the final

stages make us initially believe. The slower

build up to birth that we have demon-
strated in our studies on nonhuman pri-
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mates and describe below is likely to assist

the baby in her or his transition from the

intrauterine environment to the new
world outside. The complexities ofhormo-
nal regulatory mechanisms such as the en-

docrine and local paracrine systems will

need to be unraveled in studies using ani-

mal models because a combination of sim-

ple observational studies and invasive or

destructive procedures is required to pro-

vide a clear understanding of the birth

process. In many instances, it would be

unethical to conduct such experiments in

humans because some of these experi-

ments require procedures that inflict irre-

versible damage. Thus, precise knowledge

Experimental studies have demonstrated

a very close link between normal birth

timing and normalfetal growth.

of the normal processes of birth will come
only from the study of normal birth in

healthy nonhuman animal models. Stud-

ies on humans are of use in determining

what goes wrong, but this clinical informa-

tion needs to be evaluated against a back-

ground of clear knowledge of normal
birth.

Many experimental studies have dem-
onstrated that there is a very close link

between normal birth timing and normal
fetal growth. Thus, it has been suggested

that somehow the fetus, and possibly the

placenta, is able to monitor the baby's

weight as an index of normal progress

through the maturational process of ges-

tation.2 Algorithms and mathematical
equations have been developed to de-

scribe the relationship between the baby's

weight and the duration of pregnancy in

many species. The purpose of this article

is to describe the current level of under-

standing and interpretation of the avail-

able data about the mechanisms that initi-

ate term and preterm birth.

Models for the Study of

Normal Fetal Maturation

As a result of extensive use of selected and
appropriate pregnant animal models to

study both maternal and fetal develop-

ment, a firm picture has developed over

the past 20 years of normal fetal and ma-

ternal physiology. Extensive studies, par-

ticularly in pregnant sheep, have
identified the factors that are responsible

for growth of the body as a whole and of

specific vital organs such as the lungs, liver,

gut, kidneys, and endocrine glands. For

example, it has been demonstrated that,

under normal circumstances, the fetus is

undergoing periodic respiratory activity.3

The breathing patterns of the fetus in the

uterus are episodic. Unlike adults, who
need to breathe continuously to obtain

their oxygen, the fetus is breathing only for

practice. Fetal breathing movements have

been shown to be necessary to develop the

neuromuscular mechanisms in the brain

and chest that will be vital for the newborn
baby to take its first breath and maintain

adequate respiration. In addition, breath-

ing movements play a role in the develop-

ment of the tissue of the lung itself.4 It is,

therefore, important that the correct pat-

terns of breathing have occurred in the

uterus and that the baby has spent the

correct amount of time in the uterus for

the lungs to have reached their full devel-

opmental capacity before the time ofbirth.

This development of the lung, in part

regulated by fetal breathing, is an excel-

lent example of activity-dependent matu-

ration. Activity ofmany development proc-

esses within the uterus plays a central role

in normal development. If these processes

are incomplete, inadequate, or truncated,

then there may be long-term conse-

quences for the individual. Many other

examples ofsuch activity-dependent matu-

ration have been developed from studying

fetal animals throughout pregnancy. One
of the potentially most important is the

demonstration of activity- dependent
mechanisms in the central nervous system.

Thus, normal development of the visual

cortex of the brain depends on the arrival

of appropriate neural information from
the retina.5

In studies with pregnant sheep, it is

possible to introduce a wide variety of chal-

lenges that simulate pathological situ-

ations which may affect the fetus in the

uterus. Using sensors, it is possible to ob-

serve the response of the fetus. For exam-

ple, during normal pregnancy, the fetus

will respond to oxygen lack by redistribut-

ing its blood to its developing brain, heart,

placenta, and adrenal glands. The fetus

will protect these vital organs at the ex-

pense of reducing blood supply to the

skin, gut, and other tissues which are not

of immediate importance for survival.6 If

blood supply to the fetal gut has been
restricted for lengthy periods during fetal

development, there is a likelihood that the
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gut will be abnormally developed or may
even die. Thus, protective mechanisms
when utilized excessively can precipitate

postnatal problems such as intestinal

atresias or limb reduction defects. The
ability of the fetus to compensate for a vast

number of insults is a fundamental under-

lying concept of fetal development. How-
ever, animal studies have demonstrated
that this protective compensatory mecha-
nism can sometimes carry a price.

Although the sheep has been the pre-

eminent animal model used to study de-

velopment of the fetus in the uterus, much
information has been obtained in other

species including rats, guinea pigs, and
nonhuman primates. As we shall see be-

low, the information obtained clearly

demonstrates the important commonali-
ties among animal species in the processes

of birth. In addition, studies on the regu-

lation of uterine muscle contractility and
the molecular biology of cellular mecha-
nisms regulating growth and development
have greatly advanced our knowledge in

recent years.

Normal Fetal Growth

Normal fetal growth occurs when the fetus

attains the appropriate and optimal size

for his or her genotype. Growth in the

uterus is a balance between the genetic

potential of each individual fetus and the

maternal environment. The intrauterine

environment has been demonstrated to be

a major factor in potentially restricting the

genetic capability of the developing fetus.

From the point of view of human patho-

physiology, it follows that attention to the

improvement of the intrauterine environ-

ment is a critical focus for better prenatal

health care.

Optimizing the intrauterine environ-

ment for every baby will optimize that

baby's growth. The classic study that dem-
onstrated the importance of the intrauter-

ine environment as a restrictor of genetic

growth potential was performed in horses.

In horses it is possible to conduct experi-

ments in which large shire horses and
small ponies are crossbred. Foals ofcrosses

in which the large horse is the mother and
the small pony the father are larger than

the foals of the reverse cross, small pony
mother and large shire horse father.7

These studies show that the maternal en-

vironment can constrain the full-growth

potential.

Maternal nutrition is a major factor

affecting fetal growth. During develop-

ment the fetus is given preferential access

to many important nutrients, potentially

acting as a drain on the mother. If the

mother's health and nutritional intake are

well balanced, this is usually no problem
for the mother. However, when there is a

shortage of nutrients, the fetus begins to

compete for materials that are in short

supply for its mother. Nature has so ar-

ranged things that the next generation has

a powerful say in how the mother's nutri-

ents are used in times of shortage. Regu-

Growth in the uterus is a balance

between the genetic potential of each

individualfetus and the maternal

environment.

latory mechanisms exist which ensure that

the mother's brain is well protected. How-
ever, next to the needs of the mother's

brain, the needs of the fetus come second.

There are many maternal and fetal regu-

latory systems which ensure that, after the

maternal brain, the fetus is the last to suf-

fer from any shortages. This protection of

the fetus has been demonstrated in famine

situations during wartime. The birth

weight of babies can be seen to be remark-

ably well maintained even in prolonged

famine such as occurred in Holland dur-

ing World War II. In these extreme situ-

ations, fetal growth was affected only when
there was pronounced dietary restriction

during the third trimester. 8 Much further

work is needed before we can fully under-

stand the effects of nutritional deficiencies

and the maternal and fetal compensatory

mechanisms used to combat them.

Mechanisms of

Labor and Delivery

Maintenance of Pregnancy

Nature has developed a precise program
that controls a baby's development in the

uterus. During the 40 weeks of pregnancy,

many vital systems must mature to an inde-

pendent state.

The maintenance of a normal preg-

nancy for around nine months represents

the balance of several maternal and fetal

nuuitional, hormonal, and immunologi-

cal systems. The fetus is tolerated by the

mother as it grows and matures according

to a precisely scheduled program. Several
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considerations suggest that the mother's

body would normally want to reject this

foreign invader. The fetus has its own dis-

tinct genetic composition which differs

from that of the mother. Thus, the normal
response of the mother's immune system

should be to reject the fetus, but this does

not happen. High concentrations of the

hormone progesterone in the mother's

blood quiet the spontaneous contractile

activity of the uterine muscle. Pregnancy
allows time for the baby to grow and ma-
ture, and for the mother to adjust her

physiology to the needs of pregnancy. Be-

fore either normal term or preterm birth

can take place, the factors that have main-

tained the pregnancy for nine long
months must be overcome.

Correct timing of birth is necessary be-

cause the process of passing from the

uterus to the outside world is far from
being straightforward. The fetus has to

make enormously complicated adjust-

ments to its life-support systems in the very

short space of time during which it moves

Pregnancy allows timefor the baby to

grow and mature, andfor the mother to

adjust her physiology to the needs of

pregnancy.

from a fetal condition to that of a newborn
baby. Having overcome the challenges of

normal development in the uterus, the

fetus must use several previously untried

organ systems to survive in a completely

different environment. The timing of in-

itial exposure to these new challenges is

critical for its survival.

The Role of the Fetus in

Initiating the Birth Process

The Greek philosopher, physician, and sci-

entist Hippocrates, who lived in the fifth

century B.C., firmly believed that the baby

decides when the birth process will begin.

He said, "When the child has grown big

and the mother can no longer support him
with food, he struggles and breaks forth

into the world, free from all bonds." Hip-

pocrates held strongly to the view that the

signal that begins the process is a failure of

the placenta to keep up with the increasing

nutritional needs of the fetus.

It took the observation of unusual dis-

ease conditions in both pregnant women

and pregnant animals to point researchers

in the right direction to solve the mystery

of the fetal role in the initiation of birth.

In 1933, Percy Malpas, an obstetrician,

wrote a medical-scientific paper describ-

ing the prolongation ofhuman pregnancy
that occurs when a fetus is born with part

of the brain missing or deformed
(anencephaly).9 In the anencephalic fe-

tus, the front portions of the brain have

failed to develop and the baby is generally

born dead. If the anencephalic baby sur-

vives birth, it can live only a few hours

without the support derived from the

mother through the placenta. Unless

other complications are present,
anencephalic babies are generally born
well past the normal expected time of

birth. Some researchers took this as the

first clue that the critical signals that start

the process of birth might have been miss-

ing because they were lodged in the part

of the fetal brain that was itself missing in

the anencephalic baby.

In the early 1960s, reports began to

circulate in the western United States re-

garding three related naturally occurring

situations, two in cows and one in sheep,

in each of which the duration of preg-

nancy was altered. In each instance, there

were similar abnormalities in the fetal

brain and fetal endocrine system that in-

volved the hypothalamus and the pitui-

tary. 10 The hypothalamus regulates the pi-

tuitary by secreting a hormone,
corticotropin-releasing hormone (CRH).
CRH stimulates the pituitary to secrete

adrenocorticotropin (ACTH). ACTH is a

hormone which regulates how much of

another hormone, Cortisol, is secreted by

the adrenal cortex. Cortisol regulates the

function of several different tissues. Any of

these steps can provide opportunities for

control of the whole system taken to-

gether. They are also a potential cascade

that permits rapid and pronounced ampli-

fication of the system (see Figure l). 11

Pregnant sheep who have eaten the

corn lily plant, common in the western

states, have been known to carry their

lambs well past 200 days of pregnancy.

This degree of prolongation of pregnancy

is remarkable because sheep normally give

birth after about 150 days of pregnancy.

The fetal lambs of ewes who had eaten the

corn lily were not born. They had to be

removed surgically from the ewes by ce-

sarean section. Some of these fetal lambs

had not been born even as late as 250 days

of pregnancy. A pregnancy lasting 250
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Figure 1

days in sheep is equivalent to a human
pregnancy lasting 15 months instead of

the normal 9 months. The affected lamb
fetuses had brain deformities involving the

hypothalamus and pituitary. Detailed

chemical analysis proved that these de-

formities were caused by one specific toxic

compound in the plant. If the embryo was

at a critical point of its development when
the plant was eaten, the fetal brain devel-

oped abnormally. Studies proved that the

toxic compound has to reach the fetal

brain on the 14th day of pregnancy. 10

These and many other observations of

prolonged pregnancy have one underly-

ing theme. They all suggest a critical role

for the fetal hypothalamus, pituitary, and
adrenal gland in the process of birth (see

Figure l). 11

Controlled experimental studies of the

brain were begun in the late 1960s. Mont
(G.C.) Liggins, an obstetrician from New
Zealand, removed the pituitary gland from

fetal sheep at around 115 days of preg-

nancy. In the absence of normal function

of the pituitary gland of the fetus, preg-

nancy went on well past its normal length

of 150 days. In separate studies, he found

that removal of both of the fetal adrenal

glands from fetal sheep also led to prolon-

gation of pregnancy. Professor Liggins

reasoned that, if he reversed the process

and stimulated premature growth of the

adrenal of the fetal lamb while it was still

in the uterus, the duration of the preg-

nancy would be shortened. At 120 days of

pregnancy he infused a fetal lamb which

was still in the uterus with ACTH to cause
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the fetal adrenal glands to grow prema-
turely. The lamb was born within four

days. If Professor Liggins bypassed a step

in the birth process and infused fetal

lambs with Cortisol, which is the major
product of the adrenal gland, the lambs
were born in three days. Fetal lambs in-

fused with saline, which he used as a con-

trol experiment, did not deliver early; they

remained in the uterus and were born at

the correct time, around 150 days of preg-

nancy. These elegant studies firmly estab-

lished that, in the sheep, the fetus is the

originator of the signal to be born. The
studies also clearly established the fetal

pituitary and adrenal system as the major
pathway for the signals that initiate the

birth process. 12

Fetal Control of Lung Maturation

These elegant studies yielded unexpected
observations of extreme importance.
Lambs born at 125 days of pregnancy fol-

lowing infusion of ACTH or Cortisol into

their blood were able to breathe normally.

In contrast, the lungs of the control lambs

infused with saline and delivered at the

same time were too immature to survive. It

was immediately apparent that the same
hormones produced by the fetus that initi-

ate birth are also key factors in the literally

vital development of the fetal lung for air

breathing after birth.

As a result of increased activity of the

fetal brain, thefetus secretes more ACTH
and Cortisol, producing the changes that

lead to birth.

As a direct result of this observation, a

series of elegant studies was commenced
that led to the current policy of treating

mothers in preterm labor with steroids so

that fetal lung maturation can be acceler-

ated and the baby has a better chance of

survival if born preterm. 13 (See the article

by Ricciotti in this journal issue which dis-

cusses the use of steroids in human preg-

nancies.) This elegant series of studies,

designed to determine the critical factors

that regulate the duration of pregnancy

and match it with normal fetal maturation,

is an excellent example of the value of

basic science research and the use of ani-

mal models to unlock the secrets of fetal

development and lead to better clinical

care of the immature preterm baby.

The Controlling Function

of the Fetal Brain

The production ofACTH in the fetal lamb
is controlled by CRH from the fetal brain.

This hormone is secreted by two paraven-

tricular nuclei, small collections of nerve

cells each about the size of a ball bearing,

one on either side of the fetal hypothala-

mus. Recent studies at the College of Vet-

erinary Medicine at Cornell University

have concentrated on these nuclei. These
studies, conducted by Dr. Thomas McDon-
ald and the author, have shown that, if

radio frequency waves are used experi-

mentally to destroy both of these nuclei in

the fetal hypothalamus at 120 days ofpreg-

nancy, the pregnancy is prolonged. 14

There is now a firm body ofexperimen-

tal evidence to show that late in pregnancy,

about 20 days before birth, the fetal lamb
pituitary gland begins to increase its secre-

tion of ACTH, stimulating the fetal adre-

nal cortex to grow and to secrete more
Cortisol. Neither ACTH nor Cortisol in the

blood of the pregnant ewe crosses the pla-

centa easily. Consequently, the fetal adre-

nal gland is protected from the effects of

changes in maternal ACTH which may
occur as a result of maternal stress. Al-

though in human pregnancy ACTH will

not cross the placenta, adrenal steroids

can cross the placenta from the mother to

the fetus. 15 Thus, because this protection

of the fetus from hormonal changes in the

mother may be less effective in humans, it

may explain some types of preterm birth.

Linkage of Fetal and Maternal
Hormone Action to Uterine

Contraction

Taken together, the series of studies in

pregnant sheep shows that, as a result of

increased activity of the fetal brain, the

fetus secretes more ACTH and Cortisol,

producing the changes that lead to birth.

The muscle layers of the uterus (the

myometrium) are regulated by both in-

hibitory and stimulatory molecules. Dur-

ing pregnancy the balance is in favor of

inhibition of uterine contraction so that

the pregnancy will be maintained. At the

end of pregnancy, so that birth may occur,

the balance of regulatory factors that con-

trol the myometrium has to be switched to

stimulation.

In sheep and other species, the hor-

mone progesterone has an inhibitory ef-

fect on the uterine muscles. In contrast,

estrogens are stimulatory to the uterine

muscles. As the blood from the fetal lamb
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passes through the placenta, Cortisol in the

fetal blood stimulates the placenta to pro-

duce enzymes that convert progesterone

molecules into estrogens. This fall in pro-

gesterone level and associated rise in es-

trogen production is the first step in a

precisely timed cascade of effects. 16 As
progesterone production by the placenta

falls and estrogen production rises, the

balance that has kept the uterine muscle
relatively quiet throughout pregnancy be-

gins to change in favor of the stimulatory

group of steroids, the estrogens. These
and other associated hormone changes in

the mother will stimulate the uterus to

contract.

Different Types of Uterine

Activity—Contractures and
Contractions

In 1872, Braxton Hicks described long-last-

ing contracdons of the pregnant uterus

throughout pregnancy in women. Experi-

mental studies in a large number ofanimal

species have shown that low-intensity epi-

sodes of uterine muscle activity lasting as

long as 10 minutes occur throughout preg-

nancy. To distinguish this type of activity

from labor and delivery contractions, from
which they are very different, we have

called these epochs of activity "contrac-

tures" (see Figure 2).

In the pregnant sheep, a series of

events occurs to alter the hormonal bal-

ance which results in the initiation of la-

bor. The concentration of progesterone in

the mother's blood falls over the final

three to four days of pregnancy, and with

this change, labor is initiated. Simultane-

ously, maternal plasma estrogen concen-

trations rise. 17 Estrogen stimulates the

production of several other hormones
(such as oxytocin) and regulatory com-
pounds that also stimulate uterine con-

tractions. Estrogen also stimulates produc-

tion of more oxytocin receptors on the

surface of the muscle cells of the uterus,

thereby stimulating them to contract more
strongly and regularly. 18 While estrogen is

classically considered to exert all its effects

as a hormone, accessing target tissues via

the blood, it now appears that some of its

actions may depend on local, cell-to-cell

interactions. Local regulatory compounds
are also produced within the lining of the

uterus. The most important of these are

prostaglandins, which act in concert with

oxytocin. The final result of these maternal

hormonal and paracrine changes is to pro-

duce a dramatic switch of contractures to

contractions. 19

Figure 2

Two Types of Uterine Muscle Activity Patterns

that Exist During Pregnancy

A: Contractures

B: Contractions

1 0 minutes

Two types of uterine muscle activity patterns exist during pregnancy: (A)

the pressure changes produced by contractures that occur throughout

pregnancy, and (B) the contractions that occur during labor.

Source: Nathanielsz, P.W. A time to be born. In Life before birth and a time to be born.

Ithaca, NY: Promethean. 1992. Reprinted with permission.

The Role of the Cervix

Throughout pregnancy the cervix has

acted as a tight constriction at the opening
of the uterus, helping to keep the fetus in

the uterus. A popular fallacy is that the

cervix is a muscle that is tightly contracted

to prevent the premature departure of the

baby from the uterus. The normal cervix

is a tough, unyielding collection of fibrous

tissue strands. The strands are made up of

long threadlike molecules strongly bound
to each other. Because the cervix is gener-

ally tighdy closed, it also acts to prevent the

passage of infectious agents from the va-

gina into the uterus. Infection is now con-

sidered one of the major causes ofpreterm

birth.20

In the vast majority of pregnancies, the

cervix remains tightly closed until the last

three to four weeks of pregnancy, when it

begins to soften in preparation for dilation

during the birth process. This early soften-
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ing begins as a very gradual process that

takes place over several days. Pro-

staglandin production, probably within

the cervix itself, plays a key role in the

cervical dilation and softening process. 21

As we have seen, prostaglandin produc-

tion is strongly regulated by estrogen so,

under normal circumstances, the key
processes that lead to birth are closely in-

terlocked and, ultimately, controlled by

the initial signals sent out by the fetus.

The uterus is a muscular bag, similar

in many ways to the heart. Both are beyond
conscious control. There is nothing any-

one can do to influence the operation of

either the heart or the uterus as a con-

scious act of will: they are involuntary mus-

Prostaglandin production, probably within the

cervix itself, plays a key role in the cervical

dilation and softening process.

cles. Although there are differences, the

fine structure of the individual muscle

cells is similar in the heart, the digestive

system, and the uterus. On the other hand,

uterine muscle cells are very different

from the cells in muscles such as those of

the limbs that can be moved voluntarily as

a conscious act of will. The wall of the

uterus contains two major sheets of invol-

untary muscle; one that is orientated in a

circular fashion around the uterus and
one that is placed longitudinally around
the uterus. When the longitudinal muscle

contracts, the uterus shortens and the fe-

tus is driven through the cervix, providing

that the cervix is adequately dilated. Con-

traction of both of these layers of uterine

muscle is completely involuntary. A preg-

nant woman cannot consciously control

the contraction of her uterus just as she

cannot consciously control the beating of

her heart or the activity of her stomach.

Several of these regulatory molecules

alter the contractile properties of uterine

muscle. As we have seen, progesterone, a

steroid hormone like many of the mole-

cules involved in the process of birth, has

inhibitory effects on uterine muscle con-

traction. Acting in opposition to proges-

terone, estrogens stimulate uterine

muscle contractility. They do so, in part,

by instructing the lining of the uterus (the

decidua) to increase the production of

prostaglandins, which are local regulatory

compounds. 22 The prostaglandins diffuse

from cells of the decidua to the muscle

cells beneath it and stimulate them to con-

tract. The level, type, and pattern of uter-

ine muscle contraction is determined by

the balance of factors that tend to keep
the uterine muscle relatively inactive and
the factors that tend to stimulate activity.

Maintenance of a normal pregnancy for

its full duration requires the balance to be
in favor of the inhibitory factors. At birth,

the regulatory balance is tilted in favor of

stimulation of the muscle of the uterus. At
this time the muscle switches from the

irregular, weak pattern of activity it has

been undergoing throughout pregnancy

to strong, well-coordinated labor contrac-

tions. The change in circulating hormones
and paracrine regulators also causes the

cervix to dilate.

Experimental Studies in

Nonhuman Primates

Most of the evidence that has helped to

explain the regulation of labor comes
from experimental work on sheep. How-
ever, several studies indicate that the

mechanisms are similar in primates, in-

cluding pregnant women. Two lines of

evidence from studies conducted on mon-
keys suggest that mechanisms similar to

those so carefully and clearly shown in fetal

sheep are also important in initiating nor-

mal birth at the end of normal pregnancy

in nonhuman primates. In the last 10% of

the time the sheep fetus spends in the

uterus, the fetal adrenal begins to secrete

more and more Cortisol into his blood

until, at delivery, the concentration of Cor-

tisol in fetal blood has risen to levels 20

times those present 15 days before birth.

As mentioned above, Cortisol stimulates

more estrogen to be produced and less

progesterone by the placenta, changing

the balance of factors regulating the level

of contraction of the uterine muscle.

By a different route the monkey does

much the same thing. The fetal monkey
adrenal predominantly secretes the ster-

oid dehydroepiandrosterone sulfate

(DHEAS). DHEAS is converted to estro-

gen in the placenta. Ifwe draw a graph of

the rise in Cortisol in the blood of the fetal

sheep in late pregnancy and superimpose

on this graph the rise in DHEAS in fetal

monkey blood over the same portion of

pregnancy, the lines are virtually identical

(see Figure 3). The strategy of the two

species is slightly different, but the end
product is the same. The fetal monkey
instructs his adrenal glands to produce
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Figure 3

Changes in Adrenal Hormone Levels in Fetal Monkeys and Sheep

70% 85% Birth

Percentage of Pregnancy

Comparison of the main adrenal hormone. DHEAS, in fetal monkey blood and Cortisol in fetal sheep

blood in late fetal life to show the similarity in the rise in the blood concentrations of these fetal adrenal

products.

Source: Nathanielsz, P.W. A time to be born. In Life before birth and a time to be born. Ithaca. NY: Promethean,
1992. Reprinted with permission.

precursors, or building blocks, from which
the cells in the placenta can make estro-

gen. 23 The fetal sheep, on the other hand,

uses Cortisol to produce enzymes in the

placenta which convert progesterone to

estrogen. In both species estrogen en-

hances the effect of the oxytocin which is

produced by the mother, stimulating pro-

staglandin production and leading to an
enhanced ability of the uterine muscle to

contract. The overriding point of impor-

tance is that in both species it is the fetal

brain, through the mechanism of the hy-

pothalamo-hypophyseal-adrenal axis, that

plays the fundamental role in deciding the

length of pregnancy. 22

Rhythms in the Switch from
Contractures to Contractions in

Pregnant Primates, Including

Pregnant Women

A better understanding of both normal

term and preterm birth must address the

interesting observation that labor begins

more frequently at nighttime than during

the daytime.24 It is important to under-

stand the maternal and fetal mechanism
responsible for this pattern. Several inves-

tigators have shown that there are pro-

nounced 24-hour rhythms in maternal

hormone concentrations, including estro-

gen and oxytocin in both pregnant
women25 26 and pregnant nonhuman pri-

mates. 27 -
28 These rhythms are driven by

the circadian clock in the mother's brain.

The significance of these rhythms lies in

the potential to effectively restrict thera-

pies and interventions to the time of the

day at which they are likely to be most

needed and most successful. It has been

shown that maternal plasma oxytocin con-

centrations increase in the late evening

hours. It would thus seem appropriate to

investigate the effectiveness of prophylac-

tic therapies with oxytocin antagonists ad-

ministered in the mid to late afternoon.

Pathological Processes

The purpose of this review has been to

describe the functional systems involved in
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normal birth at the end of a pregnancy of

normal duration. A better understanding

of these mechanisms will permit determi-

nation of the pathological modification of

the process that leads to preterm birth.

The pathological modifications that may
result in preterm delivery are diverse. One
simple mechanical feature that can lead to

At present, we have little

knowledge about what

actually causes preterm labor.

preterm delivery is a structural abnormal-

ity of the cervix. Other causes of preterm

birth are more complex and less well un-

derstood. Two major causes merit consid-

eration. These are infection and maternal

stress.

Infection is now considered to be re-

sponsible for somewhere between one-

third and one-half of all preterm births.

Infectious organisms release toxins that

trigger responses from the immune system

of the host animal.20 Toxins released from
low-grade local infections within the preg-

nant woman's reproductive tract or, per-

haps less commonly, from infections in

other organs in the mother's body will

stimulate her immune system to produce

a wide variety of very active compounds,
many ofwhich, including the prostagland-

ins, are normally used to bring about the

switch from contractures to contractions

and dilation of the cervix that normally

occur at term. Further studies are required

to understand the key mechanisms stimu-

lated by infection and to develop drugs to

inhibit them. The best treatment is, how-

ever, to prevent these infections by im-

proving maternal health.

Many epidemiological studies have

demonstrated that a variety of maternal

stress situations are correlated with an in-

creased incidence of low birth weight.29

Some of these are discussed elsewhere

within this journal issue. It is likely that

several functional systems whose activity is

increased during maternal stress are in-

volved in the greater tendency of the pat-

tern of uterine contractility to switch from
contractures to contractions. Maternal

stress will activate the maternal adrenal

cortex and result in increased secretion of

androgen, which is the immediate precur-

sor for estrogen production. Increased

maternal estrogens may then prematurely

activate the switch from contractures to

contractions.30

Maternal Lifestyle

The many stresses that assail us in modern
life may be amplified for the pregnant

woman. We have seen that activation ofthe

maternal adrenal can produce the same
hormones, normally produced by the fe-

tus, that initiate birth at the end of a nor-

mal pregnancy. In addition, many of the

common maternal behavioral responses to

stress, smoking tobacco, drinking alcohol,

and even taking prescription drugs may
adversely affect the fetus, thereby possibly

stimulating the baby to release the same
adrenal hormones. It is also possible that

other stresses, such as financial worry, ex-

cessive physical exertion, and poor nutri-

tion, may have the potential to

prematurely activate the cascade of mater-

nal and fetal hormones that switch con-

tractures to contractions and cause
dilation of the cervix. At present, we have

little knowledge about what actually causes

preterm labor, and additional attention to

maternal lifestyle may provide new clues

about the initiation and cause of preterm

labor.

Experimental Agents Used to

Study Prevention of Preterm Birth

Several new drugs are being tested which

have the potential to suppress uterine con-

tractions and, thus, to prevent preterm

birth. A brief discussion of the most prom-

ising drugs is presented below. Further

discussion of the uses of these drugs in

clinical practice is included in the article

by Ricciotti and colleagues in this journal

issue. While many of these drugs are

authorized for clinical use, they generally

have not proven to be highly successful in

suppressing contractions for more than

one or two days, and many have very seri-

ous side effects for both the mother and
the fetus.

Oxytocin Antagonists

The improvement ofour understanding of

the role of oxytocin in the birth process

has led to increased interest in the poten-

tial use of oxytocin antagonists in the pre-

vention and treatment of preterm labor.

In nonhuman primates, these antagonists

possess a very powerful ability to switch the

contractile pattern ofthe uterus back from

the ominous labor-threatening contrac-

tions mode to the innocuous, contractures

mode that is the characteristic pattern

throughout pregnancy.28 At least one oxy-
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tocin antagonist is currently being tested

in human clinical trials, and early results

are promising. However, it must be re-

membered that the causes of preterm la-

bor are many and that some of them,

especially infection, may precipitate pre-

term labor as a result of increased pro-

staglandin synthesis. Thus, in this situation

the most rational approach is to treat both

the infection and the increased pro-

staglandin production, although oxytocin

antagonists may help by inhibiting the re-

cruitment of oxytocin's action during the

responses to infection.

Inhibitors of Prostaglandin Synthesis

Powerful inhibitors of the production of

prostaglandins have been used in manage-
ment of preterm labor with some success.

However, the agents that act in this man-
ner which are currently available will cross

the placenta and may have marked effects

on fetal breathing, renal function, and
circulation.31

Drugs that Affect the
Sympathetic Nervous System

The only agents that have been authorized

for general clinical use to inhibit preterm

uterine contractility activity are the be-

tamimetic drugs. These compounds have

been shown to inhibit uterine contrac-

tion. 32 However, these agents do have ma-
ternal side effects such as increased heart

rate and retention of fluid. They also have

limited efficacy, lasting for only 24 to 48

hours. In animal experimental studies, it

has been shown that long-term administra-

tion of betamimetic drugs may stimulate

prostaglandin secretion33 and may, there-

fore, have the ability to augment the proc-

esses that are leading to preterm labor.

Much more research is needed to deter-

mine exactly how these compounds and
other agents work to prevent preterm

birth.

Calcium Channel Blockers

Because an increase in intracellular cal-

cium is probably the fundamental mecha-
nism that causes contraction of uterine

smooth muscle, agents have been devel-

oped which inhibit the passage of calcium

into the cell both from the outside fluids

bathing the cells and also from stores

within the cell itself. These agents have a

strong effect on uterine smooth muscle;

however, they have pronounced effects on
other tissues as well. 34 They must be used

with considerable caution, and an ample
amount of future research is required. 34

Future Research Needs

This review has highlighted the enormous
advances in our understanding of normal
term labor. A clear sequence of physiologi-

cal events has been demonstrated which
shows that the fetus determines the time

to be born by sending hormonal signals to

the brain from the placenta. Similar

mechanisms are responsible for the onset

of labor in primates as well as ruminants

and probably all other species born at an

advanced level of maturation. Other
mechanisms may occur in species such as

the rat. In species where there are multiple

fetuses born at a much lower level of ma-
turity, other strategies are employed. How-
ever, the concept that the fetus, under
normal circumstances, determines the

timing of delivery by means of systems and
processes similar to those used to mature
vital fetal organs is extremely important.

These systems and processes tend to pre-

vent a mismatch between the timing of

delivery and the maturation of vital fetal

organs. The primary problem is to under-

stand the mechanisms of preterm birth.

The first thing that must be clearly stated

A clear sequence ofphysiological

events has been demonstrated which

shows that thefetus determines the

time to be born.

is that preterm birth has many causes.

Thus, therapies will require a variety of

approaches. A clearer understanding of

the mechanisms of preterm labor is essen-

tial to the design of new agents to inhibit

its occurrence.

Specifically, further research needs to

be conducted on the origin and nature of

the signals in the fetal brain that begin the

process leading to activation of the fetal

adrenal cortex in primates and the linkage

of this signal to the switch of myometrial

activity from contractures to contractions.

It is necessary to understand the regula-

tion of this repeating switch and its final

representation as the strong rhythmic con-

tractions stimulated by several different

hormones linked to each other by feed

forward controls. Finally, it is necessary to

determine the extent to which the changes

that occur at normal term birth are re-

cruited prematurely during preterm birth

and the extent to which abnormal mecha-
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nisms that do not occur in normal term
delivery are responsible for the preterm
birth of low birth weight babies. One area

of key importance is the relationship be-

tween growth retardation and preterm
birth. While there is evidence that growth
retardation is associated with preterm
birth,35-38 the mechanisms involved are

A clearer understanding of the

mechanisms ofpreterm labor is

essential to the design ofnew agents to

inhibit its occurrence.

unclear. It is vitally important to be able to

differentiate between types of prematurity

in which the pathology leads to growth

retardation while, at the same time, stimu-

lating the birthing process and prema-

turity that may arise because the stressed,

growth-retarded fetus has prematurely in-

itiated labor. Clinical management of

these two scenarios will differ consider-

ably.
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Abstract

Technology plays an important role in the practice of medicine, and it is essential

that controlled clinical trials be conducted before new technologies are widely

disseminated. In this article, information from the medical literature is summarized
and critiqued for several common obstetric technologies which are aimed at reduc-

ing the incidence or sequelae of low birth weight and preterm birth. These technolo-

gies include home uterine activity monitoring, tocolytic drugs to suppress uterine

contractions, corticosteroids to accelerate fetal lung maturity, bed rest to prevent

preterm delivery, delivery methods, multifetal pregnancy reduction, and cervical

cerclage. A major challenge to the practice of medicine is to find effective ways to

modify physician behavior to encourage the use of proven, effective technologies,

and discourage the use of unproven, ineffective technologies. Despite widespread

use, most obstetrical technologies appear to have had little impact on reducing the

incidence oflow birth weight or preterm births, as rates of low birth weight and preterm

birth have not decreased appreciably in the past 25 years. Uncovering the basic mecha-

nisms responsible for the onset ofpreterm labor will undoubtedly facilitate the discovery

of new technologies to prevent low birth weight and preterm births.

Obstetricians are very dependent on technology in their practice

of medicine. Sophisticated machines are used to visualize and

monitor physiologic signs of the fetus and the uterus; drugs and
surgical procedures are often used to help reduce serious illnesses and
prevent fetal deaths. But has the introduction of obstetric procedures

and technologies had a measurable impact on reducing the incidence

and sequelae of low birth weight or preterm birth?

While it is difficult to determine what nologies have been adopted despite the

proportion of preterm births might be
prevented by obstetric technology, it is

possible to evaluate these technologies to

determine which ofthem actually improve
birth outcomes. Unfortunately, as in other

areas of medicine, many obstetrical tech-

lack of evidence of their effectiveness in

preventing death or illnesses. As a result,

some common interventions make little or

no difference in outcomes, and some may
even be harmful. Conversely, several effec-

tive technologies are underutilized, and
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this underuse also causes harm. The pur-

pose of this article is to evaluate the effi-

cacy of several obstetric technologies re-

lated to preterm birth and to summarize
the impact that obstetric technology has

had on preventing the occurrence of low

As in other areas of medicine, many
obstetrical technologies have been adopted

despite the lack of evidence of their

effectiveness in preventing death or illnesses.

birth weight or preterm births. We start by

looking at the scientific evidence regard-

ing several commonly used obstetric tech-

nologies and later discuss the overall im-

pact that technology has on reducing

infant deaths and preventing low birth

weight births.

Home Uterine

Activity Monitoring

Home uterine activity monitoring
(HUAM) is a system of care that was intro-

duced in an attempt to reduce the number
of children born preterm. It couples use of

a monitoring device with daily nursing

contact by phone to provide support and
advice as to when a woman should go to

the hospital. Women attach an external

tocodynamometer (a device strapped over

the abdomen which senses uterine con-

tractions and records their frequency)

twice a day for one to two hours while lying

down. The recordings are then transmit-

ted via telephone to a central station.

If contractions are deemed excessive

(usually four to six contractions per hour
is considered the upper limit of accept-

ability) , the woman is advised to seek medi-

cal care. The monitoring equipment has

generally been shown to detect uterine

contractions accurately; however, this

premise was questioned at a recent meet-

ing at the Food and Drug Administration. 1

The approximate charge for the home
uterine monitoring system is $90 to $100
per day. If the system is used between 24

and 36 weeks of gestation, the cost could

easily exceed $7,000 for each pregnancy.2

It is thought that use of the monitor

will help to identify an increase in contrac-

tions which are not perceived by the

woman. The increase in unfelt contrac-

tions is thought to signal the very begin-

ning of the process ofpreterm labor. Drug

Figure 1
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therapy aimed at stopping these contrac-

tions can then be given with the hope of

preventing a preterm birth. It is not clear

just how effective the monitors are in pre-

venting preterm births because there have

been no large-scale controlled scientific

studies to determine their effectiveness.

Several studies of the monitor, which
were conducted on a small number of

women, concluded that it may be useful as

an early warning system for preterm la-

bor,3 -
4 but these studies have not deter-

mined whether the monitor or the daily

nursing contacts that accompany it are

responsible for the favorable results. Fur-

ther studies have suggested that the daily

nursing care was actually responsible for

the improved birth outcomes, not the

monitor.5 '6 However, it appears that labor

is detected slightly earlier if only the moni-

tor is used. 7 A recent review of this topic

has indicated that all of the evaluations of

this technology had serious methodologic

deficiencies.8 Nonetheless, four of the five

trials demonstrated no significant benefit

from monitoring.

The American College ofObstetricians

and Gynecologists recommends that

home uterine activity monitoring devices

remain investigational and not be rou-

tinely used. 2 The College concluded that,

until the efficacy of the technology has

been established, home uterine activity

monitoring should not be used clinically.

In the future, HUAM may play a cost-sav-

ing role in preventing preterm birth in

specific high-risk subgroups, such as in

multiple pregnancies, but this role needs

to be tested before being specifically advo-

cated.

Tocolytics: Drugs to

Suppress Preterm Labor

The physiological trigger for labor both at

term and preterm remains a mystery (see

the article by Nathanielsz in this journal

issue). At term, judging whether or not

labor has started depends on the fre-

quency of contractions and cervical dila-

tion. Judging whether or not preterm
labor has started is more difficult because

contractions may occur without cervical

dilation, and waiting for the cervix to dilate

may lead to stronger contractions, which
are more difficult to stop. Successful inhi-

bition of preterm labor depends upon
early diagnosis, but the diagnosis of pre-

term labor is erroneous up to 80% of the

time.9 As a result, preterm labor is widely

overdiagnosed so as not to miss those mi-

nority of cases of true preterm labor. Over
the years, a wide variety of drugs—called

tocolytics—have been used in attempts to

suppress preterm contractions. The effec-

tiveness of several of these drugs is dis-

cussed below.

Betamimetics

Betamimetic agents are used more exten-

sively than any other agents. All of these

drugs are chemically and pharmacologi-

cally related to the catecholamines, com-
pounds in the body that control invol-

untary muscles such as the heart and

The American College of Obstetricians and
Gynecologists recommends that home uterine

activity monitoring devices remain

investigational and not be routinely used.

uterus. These drugs stimulate receptors in

the uterus which cause the uterus to relax,

thus stopping uterine contractions. Data

on the effect ofbetamimetic drugs in con-

trolled trials of preterm labor shows that

they are successful in delaying delivery for

up to two days. However, there is no asso-

ciated decrease in the incidence of peri-

natal mortality or morbidity with the use

of these drugs. 10
-
11 One of the major

benefits of using tocolytic drugs is to delay

delivery long enough to give prenatal cor-

ticosteroids a chance to enhance the

maturation of fetal lungs. 11 One may con-

clude that, conversely, little benefit may
be reaped if glucocorticoids are not used.

Recent attention has been focused on
a new way to administer the betamimetic

drugs which uses a pump implanted under

the skin to inject the drugs. The pump
delivers small doses of the drug in short

pulses, a method that is thought to maxi-

mize the effect of each small dose. Preg-

nancy was prolonged an average of nine

weeks in a small group of women who
failed oral betamimetic therapy, but used

the pump. 12 Further studies are needed to

validate this potentially promising ap-

proach.

Inhibitors of Prostaglandin Synthesis

There is substantial evidence that pro-

staglandins are of critical importance in

the initiation and maintenance of human
labor (see the article by Nathanielsz in this

journal issue). Suppression of the body's
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abilitv to produce prostaglandins is, there-

fore, a logical approach to the prevention

of preterm labor. The most widely used

inhibitor ofprostaglandin synthesis in pre-

term labor is indomethacin. Two small

studies found that the prostaglandin-in-

hibiting drugs may be effective in prevent-

ing preterm labor. 13 -14 Compared with

betamimetic drugs, indomethacin is more
effective in delaying deliver)' for up to two

days. In addition, indomethacin delayed

deliver}' slightly longer (7 to 10 days) than

betamimetic drugs, and decreased the

overall incidence of preterm delivery' and
low birth weight. 15

-16

One of the major reasons prostag-

landin inhibitors are not more widely used

is that they are not innocuous drugs. In

the mother, side effects such as stomach
ulcers, gastrointestinal and other bleed-

ing, and allergic reactions occur but are

very rare. In the fetus, indomethecin has

One of the major benefits of using tocolytic

drugs is to delay delivery long enough to give

prenatal corticosteroids a chance to enhance

the maturation offetal lungs.

been associated with a severe interruption

in the blood circulation between the

baby's heart and lungs, and other serious

side effects.

Magnesium Sulfate

Magnesium sulfate is a commonly used

tocolytic, and in many institutions is the

first-line therapy for preterm labor. The
ability of magnesium to decrease uterine

contractility has long been recognized, but

the mechanism by which it does so is not

known. In one trial, magnesium was found

to have no significant effect on duration of

gestation, birth weight, neonatal morbid-

ity, and perinatal mortality. 17 Compared
with the other drugs, magnesium sulfate

appears to be no better than other to-

colytics. 18-20 The combination of rito-

drine (a commonly used betamimetic

drug) and magnesium sulfate resulted in

a higher incidence of serious side effects

with no greater benefit than ritodrine

alone. There are no convincing data that

magnesium sulfate delays delivery beyond
two days, nor are there data to show a

decrease in preterm deliver)' or an im-

provement in neonatal outcomes beyond

that gained by glucocorticoid administra-

tion.

Calcium Antagonists

Over the past 10 years, calcium channel

blockers have emerged as major agents for

the control of preterm labor and for the

treatment of hypertension in pregnancy.

Because calcium is required to produce
muscle contractions, agents that block the

uptake of calcium in muscle cells will de-

crease the ability of the muscles to con-

tract. In all studies, nifedipine, the most
commonly used calcium blocker, has been
as successful as betamimetics in delaying

preterm labor. 21 -
22 As with the betamime-

tics, magnesium sulfate, and indom-
ethacin, there has been no real evidence

for decreased perinatal morbidity and
mortality with the use of calcium antago-

nists.

Combination Therapy

As all tocolytics have significant failure

rates, especially in the face of advanced
preterm labor, several groups have asked

whether combination therapy may offer

advantages. One randomized trial com-
pared ritodrine alone with ritodrine and
magnesium sulfate and found improved
pregnancy prolongation with the combi-

nation therapy. Unfortunately, in two stud-

ies, one-half of the women receiving

combination therapy developed severe

side effects (cardiovascular symptoms or

very fast heart rates). 20 -23 Most clinicians

are reluctant to accept this high level of

side effects given the small benefit that

even single-agent therapy has shown. A
combination that may have more benefit

in the future is that of betamimetics and
calcium channel blockers, which is cur-

rently under study.

Oxytocin Analogues

Recently, an oxytocin analogue which also

blocks uterine contractility has been intro-

duced.24 Oxytocin is a compound that the

body produces to stimulate uterine con-

tractions. Oxytocin analogues maybe used

to prevent the action of oxytocin and thus

prevent contractions. Further studies are

needed to determine the efficacy of these

promising drugs.

Summary

There is currently no evidence that the use

of tocolytic drugs is effective in preventing

preterm birth. Moreover, the use of these

drugs is associated with many potentially

severe side effects. There is strong evi-

dence that tocolytic agents work to delay
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delivery for up to two days. This short delay

is important as it can be used to allow time

for corticosteroids to take effect and en-

hance fetal lung maturity, or to allow the

mother to be transferred to a hospital with

high-level neonatal intensive care facili-

ties. The scientific evidence of efficacy

available for all of these drugs is surpris-

ingly scarce given the frequency of their

use. There are few data to support using

tocolytics without prenatal corticosteroid

therapy to achieve a measurable decrease

in perinatal morbidity and mortality.

Despite the availability of tocolytic

agents and their extensive use, there has

been no reduction in the overall incidence

of low birth weight (less than 2,500 grams,

or 5 pounds, 8 ounces) since the introduc-

tion of these drugs. In many instances of

preterm labor, the use of tocolytic drugs

is contraindicated, such as with uterine

infections, bleeding, or severe maternal

disease and, therefore, these drugs cannot

be used. Thus, despite the short-term effi-

cacy of tocolytic drugs, this technology has

not made an impact on reducing overall

low birth rate.25

Corticosteroids: Drugs
to Accelerate Fetal

Lung Maturity

During the late 1960s, while studying the

initiation of labor in sheep, it was observed

that prematurely delivered lambs exposed

prenatally to corticosteroids survived

longer than placebo-treated control ani-

mals. A subsequent randomized, placebo-

controlled trial of a corticosteroid,

betamethasone, among pregnant women
demonstrated clear reductions in the inci-

dence of respiratory distress syndrome
(lungs too immature to allow normal
breathing) and neonatal mortality. A re-

duction in the incidence of respiratory

distress syndrome was detected only if cor-

ticosteroids were given between one to

seven days prior to the delivery. 26

Since this landmark study, other ran-

domized trials have confirmed and ex-

tended these findings. In addition to the

reduction of respiratory distress syn-

drome, studies have shown an overall re-

duction in neonatal death, cerebral hem-
orrhage (bleeding in the brain), and
necrotizing enterocolitis (damage to the

intestine). There was no strong evidence

suggesting adverse effects of corticos-

teroids. 27 Infants who were exposed to cor-

ticosteriods before birth have been fol-

lowed for three to six years and have shown
no impairment in physical, cognitive, or

psychosocial development. 28 -29

Despite this overwhelming evidence

that steroids are of great benefit in pre-

venting morbidity and mortality in pre-

term infants, they are not universally used

in all situations where they could be of

benefit. It is estimated that only 12% to

18% of women who deliver very preterm

Antenatal steroid therapy could result in a

substantial decrease in neonatal morbidity

and mortality, and could produce substantial

cost savings.

births are treated with antenatal corticos-

teroids. 30 -
31 In contrast, tocolytic drugs

are widely used, yet their benefit is not

nearly so clear. The reason may be that the

obstetrician sees the immediate benefit of

tocolytic drugs in the cessation of contrac-

tions. However, the benefits of steroids are

seen after the delivery and are, therefore,

not as obvious to obstetricians. One need
only look at the tremendous savings in

dollars and time spent in the neonatal

intensive care unit to see the clear benefits

of antenatal steroid use.31

The conclusion of a recent consensus

development conference sponsored by

the National Institutes of Health is that

antenatal steroid therapy is indicated for

women at risk ofpreterm delivery and that

its widespread use could result in a sub-

stantial decrease in neonatal morbidity

and mortality, and could produce substan-

tial cost savings. As a result of these con-

clusions, it behooves the obstetrician to

look beyond the bedside and consider an-

tenatal steroid administration when treat-

ing women with preterm labor because

failure to do so is costly in terms of the

health of the newborn and increased

medical care costs.

Bed Rest to Prolong
Pregnancy in Twin
Pregnancies

Bed rest is acommon recommendation for

women whose pregnancies are compli-

cated by one or more of a wide variety of

conditions, such as multiple pregnancy,
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preeclampsia (pregnancy-induced high

blood pressure), spontaneous abortion,

fetal growth retardation, and threatened

preterm delivery. Despite little evidence of

its effectiveness in preventing adverse out-

comes, bed rest is used in nearly 20% of all

pregnancies. 32 Most notably, hospitaliza-

tion for bed rest in twin pregnancies has

been advised. Twin pregnancies account

for approximately 1% of all pregnancies,

but they account for approximately 10%
of perinatal deaths.33 Compared with sin-

gletons, the death rate among twins is con-

siderably higher for every major cause of

death. 33 Thus, in the belief that prolonga-

tion ofpregnancy or some other improved
outcome may result, bed rest, either in

hospital or at home, has been commonly
recommended by many clinicians, even in

It is not logical at present to prescribe

routine bed rest or hospital admissionfor

twin pregnancies.

the absence ofpreterm labor. Because hos-

pitalization is a costly and socially disrup-

tive procedure, a benefit in fetal or

maternal outcome should be demon-
strated before it is widely applied. 34 35 Be-

cause scientific evidence on bed rest and
singleton pregnancies is absent and be-

cause most of the research on bed rest and
hospitalization has been conducted on
women with twin pregnancies, an evalu-

ation of those studies on the effectiveness

of bed rest in improving twin pregnancy

outcomes will be discussed.

Some small early studies appeared to

show a decreased frequency of preterm

birth and perinatal mortality with bed rest

in the hospital in twin pregnancies. 36-38

But none of the recent randomized con-

trolled trials of bed rest in the hospital in

twin pregnancies during the third trimes-

ter of pregnancy have shown a prolonga-

tion of pregnancy.39-41 However, results

of the three trials suggest that there may
be a decreased risk of developing hyper-

tension and a reduced incidence of low

birth weight from routine hospitalization.

Initial studies of hospitalization in the sec-

ond trimester of pregnancy (28 to 29

weeks of gestation) found no increase in

the length of pregnancy.42 -
43

In summary, it is not logical at present

to prescribe routine bed rest or hospital

admission for twin pregnancies. Most of

the studies have excluded women with

complications such as bleeding during

pregnancy, pregnancy-induced hyperten-

sion, polyhydramnios (increased amounts
of amniotic fluid), and previous cervical

cerclage or cesarean delivery. Thus, ran-

domized controlled trials ofbed rest in the

hospital for complicated twin pregnancy

or higher multiple pregnancy are needed
before this treatment can be widely recom-
mended.

In spite of the apparent simplicity of

this treatment, bed rest has the potential

to extract a large economic toll on fami-

lies. Obviously, bed rest in the hospital is

costly, but in most instances (75% of the

time), physicians prescribe bed rest at

home, which can also be extremely disrup-

tive to the family. Prolonged bed rest may
result in the loss of substantial income and
employment, and may also result in seri-

ous side effects.32 In the absence of proof

of the effectiveness of bed rest, its use

should be curtailed sharply, and random-
ized trials should be conducted to see if

bed rest at home or in the hospital actually

does prevent the wide array of conditions

for which it is currently used.

Delivery Methods for the

Low Birth Weight Infant

Although many investigators have tried to

determine the most effective way to deliver

the low birth weight fetus, this issue re-

mains controversial. Preterm infants have

a higher incidence of brain hemorrhage,

asphyxia, and birth trauma. Controversy

persists about the merits of vaginal versus

cesarean delivery to prevent these prob-

lems, especially if the fetus is in a breech

presentation. Controversy also persists as

to whether forceps should be used to pro-

tect the more fragile preterm fetal head.

Additionally, it has long been thought that

use of a generous episiotomy could reduce

resistance and minimize the risk of injury

to the preterm fetal head, although there

are few data to support this theory.44

Cesarean Delivery

Although some reports have shown that

cesarean delivery of the low birth weight

fetus may decrease trauma, most investiga-

tions do not show a fetal or neonatal ad-

vantage from cesarean delivery. The effect

of delivery route on neonatal outcomes

was studied in 17,260 mothers and failed

to show any difference in the outcome
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between infants in the vertex position

(head down) who had delivered by ce-

sarean or vaginally. 45 For all birth weight

levels, there was no improvement in intra-

partum or neonatal morbidity and mortal-

ity associated with the cesarean delivery.

Cesarean birth should be reserved for

those situations where there is fetal dis-

tress, with the same indications as at-term

delivery. Thus, vaginal birth is the pre-

ferred route of delivery for the low birth

weight infant in the normal vertex posi-

tion.

It has long been recognized that a pre-

term infant with breech presentation car-

ries an increased risk compared with the

fetus in the vertex presentation at vaginal

delivery. Vaginal delivery of breech pre-

term infants has been associated with the

risk of entrapment of the head (the pro-

portionally larger head of the preterm in-

fant relative to its body gets stuck in the

cervix after the body has already passed

through) , a greater likelihood of cord pro-

lapse (This occurs when the umbilical

cord slips past the body of the fetus and
protrudes out the cervix. The cord is then

compressed by the cervix, and the blood

supply to the fetus is cut off.), and an

increased risk for asphyxia.46 No prospec-

tive trials of cesarean delivery versus vagi-

nal delivery exist for the preterm breech

infant, thus the only data come from non-

randomized retrospective studies.

There are many problems with the va-

lidity of the results from retrospective stud-

ies. The main problem is deciding if the

study results are due to the intervention

or to the way the women were selected to

undergo a cesarean or a vaginal delivery.

It is likely that the women selected for

cesarean delivery were those for whom
more medical care may have been avail-

able or that their infants were felt to be

healthy enough that the risk of vaginal

breech delivery might not harm them.

Conversely, fetuses who were thought to

be already impaired may have been deliv-

ered by breech vaginal delivery to mini-

mize morbidity to the mother with a fetus

thought to be compromised. Further-

more, a number of the investigations were

conducted over a long time period, during

which our ability to care for the preterm

neonate improved dramatically. Thus, an

infant born in the early 1980s, regardless

of the mode of delivery, would have a

much greater risk of mortality than an

infant born in the late 1980s because our

ability to care for preterm infants during

this time period improved drastically.

Despite these limitations, general

agreement is emerging that the outcome
for very low birth weight (less than 1,500

grams, or 3 pounds, 5 ounces) infants in

breech presentation is generally better af-

ter cesarean delivery than after vaginal

delivery. Decreased rates of brain hemor-
rhage and decreased rates of neurologic

handicaps have been demonstrated
among very low birth weight infants who
were delivered by cesarean.47 -

48 The ulti-

mate answer to this question must come
from prospective randomized studies.

However, there is little chance that this

type of study will be accomplished because

of the widely held belief (based upon ret-

rospective studies) that breech very low

birth weight infants delivered by cesarean

have improved outcomes. Thus, without

formal testing, we will not know the opti-

mal mode of delivery for all very low birth

weight infants.

Episiotomy

An episiotomy, cutting of the mother's

tissue between the vagina and the anus, is

done during labor to create more space for

the baby's head to descend. Its use has

been suggested for the vaginal delivery of

the low birth weight infant to reduce resis-

tance and shorten the second stage of la-

bor. The theoretical basis for this

recommendation is to protect the soft fetal

head from injury. However, the forces ap-

Withoutformal testing, we will not know
the optimal mode of deliveryfor all very

low birth weight infants.

plied by the perineum are much less than

those generated by the cervix and muscles

of the vagina through which the fetus has

already passed. There are no data in the

literature demonstrating that episiotomy

improves neonatal outcomes.49

Forceps

Forceps, metal tongs designed to grasp the

fetal head, are used to help guide and
remove the baby from the uterus. The use

of forceps was initiated in the belief that it

would protect the baby's head during de-

livery. In the 1960s, it was shown that low

birth weight infants had better outcomes

if they were delivered using forceps.50 Re-
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cent studies, however, have not shown a

benefit from the use of forceps. 49 More-
over, it has been suggested that the use of

forceps may even harm the fetus by in-

creasing the incidence of brain hemor-
rhages.51 In spite of the lack of definitive

evidence from clinical trials, routine use of

forceps to protect the fetal head has been
abandoned, and use of forceps in deliver-

ing the preterm fetus now has the same
indications as for term deliveries.

Multifetal Pregnancy
Reduction

Within the past decade, the American pub-

lic has seen a rise in multifetal pregnancies

as a result of widespread use of infertility

therapies such as ovulation-inducing

drugs, in vitro fertilization, gamete intra-

fallopian transfer, and zygote intrafal-

lopian transfer. For example, in the

United States in 1990, 5,193 babies were
born with the aid of infertility therapies.

Of those, 981 sets were twins, 158 sets were
triplets, 12 were quadruplets, and 2 were

quintuplets.52

Unfortunately, the risks of perinatal

mortality and morbidity and of maternal

morbidity increase in multifetal pregnan-

cies. The most common complication is

preterm delivery, with twins having an av-

erage gestational age at delivery of 36 to

There are no data in the literature

demonstrating that episiotomy improves

neonatal outcomes.

37 weeks; triplets, 34 weeks; quadruplets,

29 to 31 weeks, and quintuplets, even ear-

lier. 53-57 In addition, researchers have

shown an increased incidence of low birth

weight, gestational diabetes mellitus, preg-

nancy-induced hypertension, and greater

requirement of neonates for hospital ad-

mission.53 -56 '
57 Recent reports have shown

that the outcomes with multifetal preg-

nancies have been improved by advances

in prenatal care and intensive neonatal

care.54 -55

A couple has several options when
faced with a multifetal pregnancy. 58 First,

they can electively terminate the multifetal

pregnancy with the intent to conceive

again. However, because the pregnancy is

most likely wanted and achieved at great

psychological and economic cost, and be-

cause future conceptions are not guaran-

teed, this option is usually the least desir-

able. Second, the couple can attempt to

proceed with the pregnancy. Even though
there are reports of survival of some or all

of quadruplets and quintuplets, there is

still significant risk oflong-term morbidity.

Survival with six or seven fetuses, although

reported, is extremely rare, and there are

no reports of any fetal survivals with eight

or more fetuses. Finally, the couple can
choose multifetal pregnancy reduction.

Over the past few years, multifetal

pregnancy reduction has become a realis-

tic option. Among the different tech-

niques proposed for multifetal reduction,

one approach, transabdominal potassium

chloride, has been the most widely

adopted. This involves an injection

through the mother's abdomen into the

most easily accessible fetus. The potassium

chloride injection produces almost instan-

taneous death of the injected fetus. The
fetal remains gradually degenerate and
are often undetectable at delivery. This

technique is usually performed at ten to

twelve weeks of pregnancy, when the

chance of spontaneous loss of the remain-

ing embryos and the risk of complications

from a retained nonviable fetus are less

likely. 59

Several recent studies have evaluated

the efficacy of transabdominal multifetal

pregnancy reduction in improving out-

comes. 60-63 Improved outcomes were evi-

dent in twins reduced from quadruplets.

No such benefit could be found for reduc-

tion of triplets to twins in terms of gesta-

tional age and mean birth weight, though
triplets who were not reduced required a

longer stay in the intensive care unit. Fur-

thermore, twins resulting from multifetal

reduction were born earlier and weighed
less than twins who started out as twins.

Thus, the clinical advantage of multifetal

reduction for quadruplet pregnancies

seems clear, but for triplet gestations, the

procedure remains controversial. Twins

who are reduced from higher order do not

have outcomes as favorable as twins who
start out as twins. It is not clear why this

should be so; perhaps degenerative prod-

ucts from the retained nonviable fetus

somehow cause preterm labor or preterm

rupture of membranes. Recent evidence

shows that reduced pregnancies have

more complications such as placental

abruption, preterm labor, and premature

rupture of the membranes. The potential
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for these complications should be dis-

cussed with mothers who wish to reduce

triplets because the benefits of doing so

are not clear.

Obviously, multifetal pregnancy reduc-

tion involves complex ethical issues. Abor-

tion is safe, legal, and available to all

women, and is not ethically different from
multifetal reduction. If multifetal reduc-

tion improves the chances of survival of

the remaining fetuses, many women may
choose this option. Some women will be
opposed to the procedure for the same
reasons they would be opposed to an abor-

tion, even if the outcomes for the remain-

ing fetuses were improved. Therefore, in-

dividual choice will play a large part in

making a decision for a reduction. This

decision must be based not only on the

possible medical benefits of the proce-

dure, but also on the social and practical

implications of raising multiple children

simultaneously. In the future, with the ad-

vent of improved infertility technology, we
should see a dramatic reduction in multi-

ple births and, with it, a decreased need
for multifetal pregnancy reduction.

Cervical Cerclage

The prevention of recurrent preterm de-

livery or pregnancy loss remains a chal-

lenge to modern obstetrics. It has been
shown that the incidence ofpreterm deliv-

ery significantly increased with increasing

numbers of previous second trimester

losses from 3.7% if there were none to as

high as 50% if there were two or more.64

One important reason for recurrent preg-

nancy loss in the second trimester is in-

competence of the uterine cervix (the

inability of the cervix to maintain an in-

trauterine pregnancy until term). The in-

cidence of this disorder has been reported

to be between 0.5% and 1.3% in all preg-

nancies and between 16% and 20% among
second trimester losses. 65 Despite many
advances in modern obstetrics, much con-

troversy remains regarding the diagnosis

and treatment of cervical incompetence.

The currendy accepted treatment is cervi-

cal cerclage, or sewing closed the cervical

opening. Cerclage appears to be effective

when true cervical incompetence exists.

Unfortunately, the diagnosis of cervical

incompetence is very difficult and often

inaccurate.

The causal mechanisms proposed for

cervical incompetence include cervical

trauma (trauma to the cervix during op-

erative or other procedures) and birth de-

fects.66-68 Because the basic defect ap-

pears to be weakness of the internal open-

ing of the cervix which leads to the uterus,

surgical treatment has focused on closing

the cervix at this level to allow the preg-

nancy to progress to term or at least until

fetal viability (approximately 24 weeks of

gestation). Placement of a cervical cer-

clage is associated with complications. 6,7

Despite many advances in modern obstetrics,

much controversy remains regarding the

diagnosis and treatment of cervical

incompetence.

Rupture of the membranes, preterm con-

tractions, and chorioamnionitis (uterine

infection) may occur during or after the

procedure. In addition, cervical dystocia

(inability of the cervix to dilate normally

in the course of labor) is seen more fre-

quently after cerclage. Thus, one must

consider these complications when decid-

ing whether or not to perform a cerclage.

Attempts to evaluate the success rate of

cervical cerclage in preventing recurrent

pregnancy losses have been primarily ret-

rospective. Furthermore, most studies

have used women as their own control,

that is, the results after cerclage are com-

pared with the pregnancy outcomes of the

same women before cerclage. This as-

sumes that subsequent pregnancies have

the same chance as prior pregnancies

which may not necessarily be true. Never-

theless, studies have shown successful

pregnancy outcome before cerclage as be-

tween 13% and 50% and after cerclage as

between 71% and 89%.65-69-73

A randomized trial of cervical cerclage

found no evidence that it either prolonged

gestation or improved survival.'74 In fact,

women allocated to receive cerclage were

hospitalized longer. However, the women
eligible for this study may not have been
at risk for cervical incompetence because

many women at high risk for cervical in-

competence were specifically excluded

from the study, and many low-risk women
may have been included in the study. A
large multicenter randomized controlled

trial showed that delivery tended to be

later in the cerclage group. However, re-

searchers estimated that, to prevent one
very preterm delivery using cervical cer-
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clage, they would need to use cerclage on
25 women. The results of this trial suggest

that the operation of cervical cerclage

could have an important beneficial effect

in a minority of high-risk pregnant
women. 75

One may conclude that a decision to

do a cerclage must be on an individual

basis, and it may greatly benefit a small

number of women. However, there are

some adverse effects of cerclage, and all

trials are consistent in suggesting that cer-

clage increases obstetric interventions as

judged by admission to hospital, the use

of tocolytics, incidence of infection, induc-

tion of labor, and cesarean delivery. It

seems that cerclage is effective when there

is true cervical incompetence. However,
the diagnosis of cervical incompetence
during pregnancy is often difficult, and
attempts to screen for this condition in

nonpregnant women are unreliable.

Thus, more efforts should be directed to-

ward improved diagnosis of cervical in-

competence.

For many years, investigators have

searched for an objective method to detect

cervical changes in the pregnant woman
at risk for cervical incompetence. Ultra-

sound can be used in the lower uterine

segment and cervical canal to help physi-

cians visualize the cervical opening prior

to delivery. 76 Recently, ultrasound viewing

of the cervix through the vagina has ap-

peared to provide more precise and de-

It is essential that controlled trials be

carried outfor new techniques before they

are widely distributed in the marketplace.

tailed information on cervical structure. 77

Ultrasound evaluation of the cervix offers

an objective means of establishing the

presence of cervical incompetence during

pregnancy. Standardization of the scan-

ning techniques and large prospective

studies will be necessary to determine the

value of this new diagnostic tool.

Conclusions

Obstetricians are very dependent on tech-

nology in their practice of medicine, and
thus it is essential that controlled trials be

carried out for new techniques before they

are widely distributed in the marketplace.

This ideal is rarely accomplished. We must
carefully evaluate the scientific evidence

on technology to prevent low birth weight

and preterm birth in order to make policy

decisions about which technologies
should be encouraged and evaluated be-

cause of their potential to improve out-

comes and which technologies should be

discouraged because they do not make a

difference.

Home uterine activity monitoring is an

example of a system that was disseminated

before it was shown to be effective. Most
published studies have serious metho-
dologic flaws, prompting the American
College of Obstetricians and Gynecolo-

gists to advise that it remain investiga-

tional. This is not to say that HUAM has

no role in obstetrics, but rather that fur-

ther study is necessary to define that role.

Perhaps HUAM will play an important and
cost-saving role in the management of

twins and triplets or other high-risk groups

for preterm labor at home and actually

save money in the long run. These are the

types of issues which should have been
addressed before this technology was re-

leased for general use without adequate

data to define its role.

Tocolytics are an example ofa technol-

ogy which is so widely accepted and in-

grained in medical practice that few
clinicians question its usefulness. Many
would be surprised to find that little bene-

fit on a population basis has been found
for these drugs beyond lengthening a

pregnancy by about two days. With the

combination of corticosteroids and to-

colytics, great benefit has been found, yet

corticosteroids are not nearly so widely

utilized. This is beginning to change, as

more clinicians become aware of the un-

equivocal benefit of steroids on neonatal

outcomes. The reluctance on the part of

many clinicians to use corticosteroids is

somewhat baffling, but may be because

obstetricians do not see the immediate

benefit of steroids. It is hoped that the

dissemination of the results of the recent

Consensus Conference sponsored by the

National Institutes of Health will stimulate

the use of this life-saving technology. 30

Bed rest in the hospital to prevent pre-

term delivery is an example of an inter-

vention which makes intuitive sense and is

seemingly simple to carry out but is based

upon little or no empirical evidence that

it actually makes a difference. Given the

exorbitant costs of a hospital stay and the

social disruption that it causes, with little
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effect on preventing preterm birth, there

is no reason to prescribe prophylactic bed
rest. However, many physicians continue

to recommend bed rest for women at risk

for preterm birth. Many interventions in

medicine seem to make intuitive sense,

and we must condition ourselves to con-

tinue to be scientific and test interventions

before widely prescribing them simply be-

cause they seem to make sense.

Cesarean delivery for vertex, low birth

weight infants is an example of a technol-

ogy which was tested and found not to

make a difference in outcome. Today, few

institutions routinely perform cesarean

deliveries on women who have a low birth

weight infant in the vertex position. Like-

wise, episiotomy to protect the fetal head
has become outmoded as the evidence

mounted against its usefulness. The use of

cesarean delivery for breech low birth

weight infants is common practice, but it

remains a controversial procedure. Ran-

domized clinical trials are needed to test

its efficacy before valid conclusions can be
drawn.

Multifetal pregnancy reduction is a

technology that is relevant for only a very

small number ofwomen and, as such, will

not have a major impact on mortality.

However, for individual parents, it may be

vitally important. To a parent who does

not believe in abortion, it may be a tre-

mendous relief to know that reduction

from triplets to twins will do little if any-

thing to improve their neonates' out-

comes. To a parent who cannot fathom
the financial and emotional impact of

bringing up four possibly impaired chil-

dren, it may also be a tremendous relief

to know that there is an intervention

which is safe and effective in improving

outcomes. Technology should be used

not only to improve outcomes of mul-

tifetal pregnancies, but also to facilitate

the lives of the parents taking care of the

children created in this way. Ideally, in the

future, reproductive technology will im-

prove, and there will be a dramatic reduc-

tion in multiple births.

Cervical cerclage is an example of a

technology that, despite being widely ac-

cepted, has never been tested in a truly

randomized controlled trial. It is a tech-

nology with relatively minimal morbidity;

therefore, the physicians of desperate cou-

ples who strongly desire children are often

unwilling to take the chance that they will

be assigned to the control group which
does not receive the intervention. While

there does appear to be a benefit for those

women with true cervical incompetence,

it is very difficult to diagnose this condition

accurately. Thus, many more women are

diagnosed and unnecessarily treated with

cerclage than truly have the disease. In

fact, 25 women suspected to have cervical

incompetence must undergo cerclage su-

turing to see a benefit in just one of those

25 women. Finding a way to diagnose true

cervical incompetence will be the key to

the successful use of this technology.

The reasons physicians use unproven
technology or ignore proven ones is un-

There is no easy and effective way to modify

physician behavior by encouraging the use of

effective technologies such as corticosteroids

and discouraging the use of ineffective or

unproven technologies.

clear. At present there is no easy and ef-

fective way to modify physician behavior

by encouraging the use of effective tech-

nologies such as corticosteroids and dis-

couraging the use of ineffective or

unproven technologies such as bed rest or

home uterine monitoring. Limiting the

availability of new technologies before

they are proven to be effective is a first step.

But it is difficult to remove familiar tech-

nologies despite their proven ineffective-

ness. In the current climate of cost

consciousness, it is imperative that the

widespread use of these unproven and in-

effective technologies be abandoned and

that the use of proven technologies be

encouraged. In addition, we must be care-

ful not to use proven technology in those

situations where it does not improve out-

comes. Dissemination of technology into

low-risk populations has the potential to

do more harm than good. Finally, physi-

cians need to be educated to be wise con-

sumers of medical technologies.

Up-to-date information, critical reviews,

and a systematic synthesis of the thousands

of trials that have evaluated obstetric tech-

nologies have been electronically com-
piled in the Oxford Database of Perinatal

Trials 7^ and published in Effective Care in

Pregnancy and Childbirth?^ and A Guide to

Effective Care in Pregnancy and Childbirth.^

These important resources provide physi-

cians with unbiased, clear recommenda-
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changed appreciably in the past 25 years

despite the introduction of many obstetri-

cal technologies, procedures, and drugs.

The reason for this apparent contradic-

tion is that many of the currendy used

technologies are not effective. There is no
effective way to stop the progress of labor

once it has started, and attempts to devise

an early detection system have generally

been unsuccessful. One major handicap

in developing methods to stop the pro-

gression of labor is that the mechanisms

that produce preterm labor are not well

understood. Much more work is needed

to discover just how and why labor is initi-

ated before new preventive technologies

can be developed.
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The Role of Social
Change in Preventing
Low Birth Weight
Dana Hughes
Lisa Simpson

Abstract

The authors of this article examine the relationship between social factors and low

birth weight and the ways in which disparities in socioeconomic status have been
addressed over time. The evidence regarding the effectiveness of various efforts to

influence birth weight by mitigating the consequences of disadvantage are also

assessed. Low socioeconomic status has been shown to influence low birth weight

through its various correlates. Historically and today, most programs and policies

directed at low birth weight prevention attempt to address the individual health

consequences of economic and social disadvantage. By and large, these efforts have

produced mixed results. Efforts to affect low birth weight by addressing the under-

lying causes of social and economic disadvantage have been similarly inconclusive,

reflecting the paucity of research on the subject, as well as the historical and ongoing
failure to make the research link between health and social policy. The authors argue

that reducing persistent disparities in low birth weight requires several steps, includ-

ing embracing a broader definition of health which incorporates social dimensions,

recasting the focus of research and interventions from pregnancy outcomes and
infant health exclusively to include the notion of women's health more globally,

expanding the research agenda to unravel the paradox ofsocioeconomic factors and
health, and pursuing a dedicated, national commitment to assuring adequate

support to individuals and families, including both adequate income and health care.
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Social factors define a range of social, cultural, and economic

circumstances that are shared by people with similar levels of

financial and educational resources. They are often defined by a

single factor that describes an individual, such as income, occupation, or

educational level. More broadly, they are defined as one's neighborhood

income level, neighborhood crime level, or a composite ofindividual and
area factors. The complex relationship of social factors has proved very

difficult to measure accurately, and few national data sources include

information about both social factors and health characteristics. 1

Social factors and disease are undeni- suffer adverse birth outcomes than are

ably linked.2-6Women who live in poverty, more advantaged women. 7-13 Yet social

who have low levels of education, who programs designed to improve the health

work in low-wage jobs, and who have few of women and children in the United
other social resources are more likely to States have had mixed results. Today, most
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programs and policies directed at prevent-

ing low birth weight attempt to address the

health consequences of economic and so-

cial disadvantage rather than its underly-

ing causes. This lack of integration of so-

cial strategies with health has been a major
barrier to reducing the high rates of low

birth weight in the United States.

In this article, we analyze the relation-

ship between social factors and low birth

weight in the United States, and examine
some of the social strategies designed to

improve the health of women and chil-

Socioeconomic status is one of the

most powerful risk factorsfor poor

health outcomes.

dren. We summarize the existing informa-

tion describing the relationship between
social factors and low birth weight, exam-
ine the history of social programs designed

to improve the health status ofwomen and
children, and summarize the effectiveness

of public policies enacted to improve the

health of infants. Finally, we offer recom-

mendations relating to both the research

and policy arenas which may be used to

improve the social and economic circum-

stances of women in the United States,

thereby reducing rates of low birth weight

and preterm birth.

The Health-Related Effects

of Socioeconomic Status

Socioeconomic status is one of the most
powerful risk factors for poor health out-

comes. Persons of lower socioeconomic

status suffer disproportionately from
nearly all diseases and have higher rates of

mortality than people of higher socioeco-

nomic status. 2-6 Recognition of this asso-

ciation is neither new nor limited to select

causes of death or health problems. Ob-
servers noted as early as the Middle Ages
that wealth and poverty influenced the

distribution of disease. 14 Among the con-

ditions for which strong associations with

socioeconomic status have been estab-

lished are overall mortality, 1 '5,15,16 cardio-

vascular diseases and outcomes, 17
'
18 infant

and maternal mortality, 19 unintended in-

jury, homicide and suicide, 19 and the

prevalence of various diseases, including

arthritis, heart disease, ulcers, diabetes,
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hypertension, and chronic bronchitis. 19
*20

These associations persist both at the ag-

gregate or area level and at the individual

level. 21

Low Birth Weight

Like many other health conditions, low

birth weight is strongly associated with so-

cioeconomic status. Studies in this country

and others show that rates of low birth

weight increase with decreasing socioeco-

nomic status. 7-13 -22 This association per-

sists across various measures of socio-

economic status, including occupation of

the mother and/or father,23 '
24 in-

come,25 '26 and education. 27-29At the indi-

vidual level, a major study conducted in

Great Britain found the risk of preterm

delivery to be 50% higher30 and the risk of

a term low birth weight delivery to be 95%
higher31 among women in lower social

classes. In the United States, women on
lower socioeconomic levels have been
found to be at significantly higher risk of

preterm delivery, even when controlling

for other known risk factors such as

prepregnant weight, weight gain, alcohol

and tobacco consumption, race, parity,

and source of prenatal care. 11 At the geo-

graphic level, some but not all studies32

have found that, for any defined area, the

more socioeconomically disadvantaged

the population, the higher the incidence

of low birth weight.25 -
33 '34

It is not clear just how low socioeco-

nomic status actually causes an increased

risk for low birth weight. It is thought that

poverty—which is associated with reduced

access to health care, poor nutrition, lower

education, and inadequate housing—may
be responsible for some of the increased

risk. 26 -
35-37 Low socioeconomic status is

also strongly linked to other factors such

as individual behavior, and race and eth-

nicity. Each of these factors has also been
shown to be associated with higher rates

of low birth weight. We examine the influ-

ence of these factors below and try to clar-

ify their relationships with low socioeco-

nomic status and birth outcomes.

Individual Behaviors

It is clear that individual behavior is closely

linked to the social and economic culture

in which one lives and that behaviors

which affect one's health may act as a

mediating pathway between social class

and adverse health outcomes. It is often

difficult to separate the effects of individ-

ual behavior and social class in relation to

low birth weight. One individual behavior
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that is highly correlated with socioeco-

nomic status is cigarette smoking. 38
-39

Smoking is, in turn, more common among
women in lower income groups than it is

among women from higher income
groups. 19 Thus, the association between
smoking and low birth weight can be

viewed as arising from two sources—being

from a low socioeconomic group or having

an adverse lifestyle.

Rush and Cassano studied the relation-

ship between socioeconomic status (meas-

ured by occupational grade) and low birth

weight in more than 150,000 births occur-

ring in Britain during 1970 and demon-
strated that socioeconomic status and

cigarette smoking had important but inde-

pendent effects on low birth weight.40

Whether health behaviors other than

cigarette smoking account for higher rates

of low birth weight among disadvantaged

women is uncertain. (See the article by

Chomitz, Cheung, and Lieberman in this

journal issue.) Chronic, heavy alcohol

drinking, while associated with low birth

weight,41 is less common among women
who live in poverty, and more common
among women at higher income levels.

Pregnantwomen who are insured by Medi-

caid are less likely to drink alcohol than

their non-Medicaid-covered counter-

parts.41

With respect to illicit drug use during

pregnancy, it is unclear whether poor

women are more likely than nonpoor
women to abuse illegal substances during

pregnancy. Reports of increased use of

illegal drugs during pregnancy by poor

women may be attributed to the types of

drugs that are studied and to the sites

under study.42
"44

While individual behaviors can influ-

ence birth outcome, they do not fully ex-

plain the socioeconomic effect. However,

it may also be possible that, while the use

of alcohol or illegal drugs is lower among
low-income women, the impact and con-

sequences of these adverse lifestyle

choices are exacerbated by poverty. 37 Re-

searchers have noted that comparable

stressful events have stronger negative ef-

fects on individuals of lower socioeco-

nomic status than on those of higher

socioeconomic status. Thus, different so-

cial class groups may have differing vulner-

abilities to the same behavior.45

Race/Ethnicity

The extent to which race and ethnicity

explain the relationship between socioeco-

nomic status and low birth weight is uncer-

tain. Clearly, race as the primary expla-

nation for the association between socio-

economic status and low birth weight has

not been demonstrated. An association is

often suggested, however, because the in-

cidence of low birth weight is especially

high among certain racial and ethnic mi-

norities, especially African Americans.46

The extent to which race and ethnicity

explain the relationship between

socioeconomic status and low birth weight

is uncertain.

In addition, persons in racial and ethnic

minorities are significantly more likely to

be poor, to have limited education, to

live in substandard housing, and to be
unemployed than their white counter-

parts. 47

Yet, while the relationship between
race/ethnicity and socioeconomic status

is strong, it does not demonstrate neces-

sarily that the association between socio-

economic status and low birth weight is

attributable to the high proportion of mi-

norities in the lower socioeconomic strata.

Studies that examine differences in rates

of low birth weight by race produce mixed
results when taking income into account.

While a minority of studies have con-

cluded that socioeconomic status explains

the racial disparities in low birth

weight,25 -33 the majority of studies have

found that the racial disparities in low

birth weight are not due to socioeconomic

status and that race and socioeconomic

status have separate, independent effects

on low birth weight rates.48-50

Other reports have found little differ-

ence in the low birth weight distribution

among black infants by income51 and
wider differences in low birth weight rates

between black and white infants at the

upper end of the socioeconomic spec-

trum.48 The finding of persistently high

rates of low birth weight among African

Americans may be explained by genera-

tions of poverty,25 a higher concentration

of black infants at the near-poor income

level,49 racism,52 or a combination of these
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Figure 1

Mechanisms by Which Poverty Affects Health

Sociodemographic
factors

Poverty

Societal factors

Inability to purchase goods and
services essential for health

Time constraints

Stress and depression

Inability to secure appropriate

personal health services

Inappropriate health

service packages

Unhealthy lifestyles and limited

practice with health-promoting

activities

Limited motivation

Health status

Source: Klerman, L. Alive and well? A research and policy review of health programs for poor young children. New York: National Center for Children

in Poverty. Columbia University. 1991.

factors. However, research documenting

these associations is lacking.

Access to Health Care Services

Limited access to basic health care services

may also help to explain the socioeco-

nomic differences in health. 2,21,53,54

While higher rates of mortality occur in

lower socioeconomic groups in general,

not all individuals in low socioeconomic

groups have higher risks for mortality.

Kaplan and colleagues2 explain this para-

dox in terms of demands and resources.

Persons oflower socioeconomic status face

greater social and community demands
while having fewer resources (including

money, access to medical care, interper-

sonal resources such as social supports,

and personal resources such as coping

mechanisms). The extent and pressure of

these two forces is variable for individuals,

thus explaining variation in health status

within low socioeconomic groups.

In a summary of the research on health

programs for poor young children, Kler-

man37 proposed a framework for examin-

ing how poverty affects pregnancy which

complements the work by Kaplan. In the

Klerman model, sociodemographic fac-

tors, societal forces (including discrimina-

tion), and poverty interact to produce a

number of circumstances that negatively

influence health status (see Figure 1). Put
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another way, because women within low

socioeconomic groups face varying de-

grees ofdemands and have different levels

of resources with which to mediate those

demands, the health status of persons

within these groups is likely to vary as well.

Health and Social Policy

in the United States

Given the association between socioeco-

nomic status and low birth weight, what
effect have social policies had on mitigat-

ing this relationship? Many excellent his-

tories have been written about this

country's investments in mothers and chil-

dren. 55-58 The purpose of this section is to

focus primarily on those points in history

when opportunities to address directly the

socioeconomic determinants ofpoor birth

outcomes appeared to be present, either

because of an interest in improving preg-

nancy outcome or because of an interest

in addressing issues related to poverty.

Social Reform and
the Progressive Era

America first confronted infant mortality

as a social problem in the late nineteenth

century, when many of the same issues that

are at the center of the health care reform

debate today were raised. These issues in-

clude the relationship of infant mortality

to poverty, race, and ethnicity; the extent

to which infant mortality is a behavioral as

well as a socioeconomic problem; and the

scope of government responsibility to

combat it.55 Prior to the creation of the

Children's Bureau in 1912, the federal gov-

ernment accepted no formal responsibility

for the health of mothers and children or

for assuring adequate income and basic

resources.59 This changed, in part, as a

result of the social reform movements of

the period, which combined service provi-

sion with social reform.60 More important,

these social efforts gave way to a transfor-

mation in society's views of children. In-

itially, children were perceived largely in

utilitarian terms, particularly among the

working class, who had to rely on them to

contribute to family earnings and to per-

form domestic duties. It was not until the

early 1900s that childhood came to be

viewed as a time of growth and develop-

ment during which proper nurture was

essential.56 -
61 With this change came a

push toward, and an acceptance of, a

greater role of the federal government in

the promotion of the health of infants and

children through the federal Children's

Bureau.62

In its early years, the Children's Bureau
addressed infant and child health as one
issue in a continuum of social and eco-

nomic needs. 63A report issued by the bu-

reau in 1916 highlighted the contribution

of low paternal income to poor birth out-

comes. However, these findings appear to

have had little influence on federal poli-

The Sheppard Towner Act in 1929 was

the primaryfederal strategy to improve

birth outcomes.

cies and programs designed to improve

pregnancy outcomes, which emphasized

personal behavior and ignorance as the

primary contributors to poor health.55

With the enactment of the Sheppard
Towner Act in 1929, the primary federal

strategy to improve birth outcomes was the

provision of direct services to individuals,

notably educational and preventive health

services, which built on the experience

gained with the establishment of milk sta-

tions earlier in the century.55 Under this

act, public health nurses became the back-

bone of a program of permanent admin-

istrative units at the federal and state levels

which oversaw and provided a range of

services to expectant mothers, including

education, breast-feeding support, milk

stations, and prenatal health supervi-

sion.56

The Great Depression

Thinking about social needs was revolu-

tionized by the Great Depression as policy-

makers and the public became convinced

that reliance on the private market alone

was insufficient to assure economic secu-

rity. 64 The most significant piece of social

welfare legislation from this period was the

Social Security Act, which established in

1935 a federal role in social welfare and
income security.

Despite the significance of the Social

Security Act, the law fell short of making
the link between health outcomes and low

socioeconomic status. Passage of the act

resulted from a political compromise that

eliminated provisions for a minimum level

offamily subsistence and any proposals for

comprehensive national health insur-

ance. 65 In addition, this act instituted a
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dual system for federally supported in-

come maintenance which assigned poor
children (and therefore, their mothers) to

a largely unpopular and financially pre-

carious assistance program.64 Adults with

a record of work effort benefitted from a

The most important social legislation in this

country 's historyfell short ofassuring that

all poor women ofchildbearing age would be

protectedfrom poverty.

federally administered income insurance

program that was strongly supported po-

litically. In contrast, the federally aided but

state-administered assistance programs for

selected groups, including the Aid for De-

pendent Children (ADC) program, re-

flected the persisting ambivalence about

all non-work-related relief. 64 Thus, the

most important social legislation in this

country's history fell short of assuring that

all poor women of childbearing age would
be protected from the consequences of

poverty.

"Poverty Amidst Plenty"

The 1960s and 1970s

By the 1960s, reports of "poverty amidst

plenty" mounted, leading to a redirection

of national attention toward ensuring bet-

ter equity and addressing the needs of the

underserved. This resulted in the creation

of extensive social and health programs,

including neighborhood health centers,

the maternal and infant care projects, and
the creation of Medicare and Medicaid.66

The enactment of Medicare and Medi-

caid, both passed in 1965, mirrored the

two-tiered approach of the Social Security

Act. Medicare was enacted as federally ad-

ministered insurance covering all elderly

persons regardless of income, while Medi-

caid—the primary source of health insur-

ance for poor women of reproductive

age—was enacted as a means-tested, state-

based program with vast variability in eli-

gibility and scope of services. 67

Despite these limitations, impressive

gains were achieved during this period. An
expanding economy helped to reduce the

poverty rate from 19% in 1964, when the

war on poverty was declared, to a low of

11.1% in 1973. 68 The rate of maternal

mortality declined by half, and the infant

mortality rate dropped by one-third. 69

However, it is not clear what proportion

of this decrease was due to the decrease in

poverty and what proportion resulted

from improvements in access to and the

quality ofmedical care. Indeed, the war on
poverty fell short of its promise to address

the health and social ills of society. Insuf-

ficient federal and state investments in the

Medicaid program, as well as its designa-

tion as a welfare program, hindered its

ability to "mainstream" the ambulatory

care of the poor. 70 In addition, many of

the broad-based programs designed to ad-

dress comprehensive health and social

needs were eventually whittled back to re-

semble more narrowly defined programs.

For example, by 1975, funding for com-
prehensive health centers providing a

range of medical and social services, in-

cluding employment training, gave way to

basic medical services without the social

services and economic development com-
ponents. 71

Most federal efforts designed to reduce

infant mortality at that time focused on

improving the organization and utiliza-

tion of medical services, most notably

through the Improved Pregnancy Out-

comes (IPO) project, funded under Title

V of the Social Security Act. However, as

federal investments in health and medical

care were increasing, a storm of protest

against public welfare was brewing and

casting doubt on the effectiveness of anti-

poverty programs.64 -72 The causes of pov-

erty were once again sought in the

individual, and emphasis was placed on

services to assist individuals to move out of

poverty. This return to the professional

services approach to poverty of the late

1920s was a distinct shift away from the

cash programs of the New Deal.64

The 1980s: Reducing Government's Role

Led by the Reagan administration, Con-

gress during the early 1980s approved a

series of actions which narrowed eligibility

for Aid to Families with Dependent Chil-

dren (AFDC), thereby reduced funding

for health and welfare programs, and
transferred authority for major maternal

and child health programs to the states. 73

Virtually every state followed suit, further

reducing the amount spent on key health

and welfare programs. Among the most

stark results of these actions was the sharp

drop in the ratio of poor children who
receive AFDC to the total number of poor

children. This ratio peaked at about 80%
in 1973, fell to about 50% in 1982, and

then rose to about 59% in 1989.68
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The increasing evidence of stagnation

in infant mortality trends during the early

1980s set the stage for the unlinking of

publicly financed health insurance from
welfare assistance established in the mid-

1960s. For the first time, Congress in 1984

expanded eligibility for Medicaid to poor

pregnant women and children who were

not categorically eligible for AFDC (usu-

ally because they lived in two-parent fami-

lies). 74 By breaking this link, Congress

paved the way for subsequent eligibility

expansions, resulting in optional coverage

of pregnant women and infants with in-

comes up to nearly two times the federal

poverty level. Between 1988 and 1991

alone, 2.6 million pregnant women and
children became newly eligible for Medi-

caid. Simultaneously, Congress granted

states the option to provide pregnant
women enrolled in Medicaid additional

services, such as health education, nutri-

tional counseling, and case management,
even if those services were not available to

other Medicaid beneficiaries. 74

Improving Socioeconomic
Status: The Impact
on Low Birth Weight

Today, as in earlier years, most public poli-

cies and programs designed to produce

healthier newborns in the United States

have focused chiefly on two strategies: ( 1

)

improving access to health and medical

care received by pregnant women and (2)

mitigating the effects of disadvantage dur-

ing pregnancy. 26 Studies evaluating these

approaches have produced mixed results.

Improving Access to Care

Efforts designed to improve access to

health care have also demonstrated vary-

ing levels of effectiveness. A growing body

of evidence suggests that these approaches

have produced mixed results. One of the

most significant recent efforts to improve

access to maternity care involves the Medi-

caid program, the single largest source of

funding for health care to low-income

pregnant women and the single largest

payer for children's health services.

Early studies comparing low birth

weight rates before and after the introduc-

tion of the Medicaid program were en-

couraging, and showed a clear reduction

in low weight births during the 1960s.

Whether or not these reductions in low

birth weight were due to the Medicaid

program alone, to this program in combi-

nation with other improvements in medi-

cal care, or to overall reductions in poverty

still remains in question. Later expansions

ofMedicaid coverage during the 1980s did

not produce further reductions in low

birth weight.

The benefit of Medicaid coverage

among low-income women in contribut-

ing to better birth outcomes than are

found among women who are uninsured

is demonstrated in an extensive California

study conducted in the early 1980s. 75 '76

The incidence of low birth weight prior to

andjust after the introduction of the Medi-

caid program generally supports this find-

ing by suggesting that Medicaid may have

contributed in part to the decline in low

birth weight that occurred in the late

1960s and early 1970s, after a slow but

steady increase in the early 1960s. Such

crude analyses do not account for the mul-

titude of other factors that may be associ-

ated with the decline, including reduc-

tions in poverty, introduction of other

programs (such as community health cen-

ters) , or greater sophistication in the man-
agement of high-risk pregnancies. 77 How-
ever, Davis and Schoen argue that the

sheer size of the Medicaid program in re-

lation to other programs for the poor

strongly suggests that Medicaid may be

largely responsible for improvements in

certain health conditions. 66 Others have

also argued that the substantial drop in

postneonatal mortality which occurred at

the same time (a condition also sensitive

to social influences) was likely the result

of health and social investments at the

time. 35 Further, it is clear that, with the

advent of Medicaid, the numbers of poor

persons with health insurance rose signifi-

cantly. 16 More important, instead of the

poor having the lowest number of physi-

With the advent ofMedicaid, the

numbers ofpoor persons with health

insurance rose significantly.

cian visits per capita, health care utiliza-

tion among the poor after Medicaid rose

to exceed that of middle- and upper-in-

come groups, as would be appropriate

given their greater health needs. 78

Confounding these earlier results of a

positive association between Medicaid cov-

erage and low birth weight are more re-
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cent studies of the impact oflater eligibility

expansions for the Medicaid program.

During the 1980s, eligibility for Medicaid

coverage was gradually expanded for preg-

nant women from criteria which restricted

eligibility to those also eligible for AFDC
to include all pregnant women with in-

comes below 185% of the federal poverty

line. 74 In two studies, Piper and col-

leagues79 -80 found no improvements in

birth outcomes from Medicaid expansion

in Tennessee. 79

Such mixed results may be caused by

several factors. First, the target population

in earlier versus later Medicaid expansions

varied considerably in terms of their risk

for low birth weight. While the earlier ex-

pansions affected extremely low-income

women, later expansions targeted women
without health insurance but with greater

resources. Indeed, the group covered by

the later expansions was more likely to be

white and married, slightly older, more
likely to work, and less likely to receive

public assistance than the group covered

by the earlier expansions. 81 Because the

Piper studies evaluated outcomes among

women who were at less risk of poor birth

outcomes, expectations of significant im-

provements in their rates may not be war-

ranted.82

The lack of an effect could also reflect

a failure to translate expanded eligibility

into actual coverage and/or genuine ac-

cess to care.82 A study by Currie and col-

leagues83 supports this theory by differen-

tiating the impact on birth outcomes of

early, narrowly targeted expansions in eli-

gibility from later, more broad-based ex-

pansion efforts.81 This study found that

the early expansions, such as relaxations

in family structure requirements, are esti-

mated to have resulted in a 4.5% decline

in the incidence of low birth weight for

every 20-percentage-point increase in the

number of women eligible for Medicaid.

This compared to only a 0.4% decline in

the incidence of low birth weight for a

similar magnitude of change in eligibility

during the later, broader expansions. The
authors found that the absence of effect

for the broader expansion resulted largely

from newly eligible women not success-

fully enrolling in the program. Finally,

methodological concerns with construct-

ing the appropriate linked data bases may
lead to serious underascertainment of ad-

verse outcomes. 80

Improving the Content
of Prenatal Care

Providing financial access to care in the

form of public insurance is only the first

step toward improving birth outcomes.

Providing effective prenatal care is an-

other requisite. Studies that examine the

effect of prenatal care on low birth weight

have shown varying results. (See the article

by Alexander and Korenbrot in this jour-

nal issue.) Prenatal care, for example,

while benefitting some populations, ap-

pears to have less benefit for others.

Certain socially oriented components
of prenatal care have also shown varying

levels of effectiveness. Linking pregnant

women to social services,84 health educa-

tion,85 and home visiting86 has been dem-

onstrated to contribute to lower rates of

low birth weight among high-risk women.
Similarly, prenatal care programs that in-

corporate provision and coordination of

nutrition, health education, psychosocial

assessments and services have also been

found to produce better results among
high-risk women. 75,76,85,87 Yet, other

evaluations have suggested that some of

these services are less effective.
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One of the few large randomized ex-

periments on psychosocial support found
no difference in birth outcomes among
high-risk pregnant women receiving four

or more home visits in the final quarter of

pregnancy, compared with a similar group
that did not receive the visits and accom-

panying social support.88 Similarly, an-

other evaluation of social support found
that this intervention failed to improve low
birth weight rates.89 While the apparent

contradiction in these results may be at

least pardy explained by varying study de-

signs, it also implies that the effectiveness of

these approaches has yet to be fully proven.

Reducing the Effects of Poverty

It is difficult to draw conclusions about

whether efforts intended to permanently
improve social status are more or less bene-

ficial than those that temporarily mitigate

the influence of poverty through medical

care or pregnancy-related social services.

Only rarely have domestic maternal and
infant health interventions been aimed at

addressing the underlying sources of that

disadvantage through income support,

housing assistance, employment training,

or other resource strategies designed to

reduce or eliminate the circumstances

leading to poverty. Fewer still are reliable

evaluations of such resource/social strate-

gies. However, some information is avail-

able regarding food supplementation and
income support. Specifically, the most
complete information is available about
the Women, Infants and Children (WIC)
program and about income support.

The WIC Program

The WIC program (the Special Supple-

mental Food Program forWomen, Infants

and Children), designed for low-income
families at nutritional risk, combines nutri-

tional education with vouchers for certain

foods. While evaluations of the effects of

the WIC program on birth outcomes have
provided varying results, on balance, the

majority of studies demonstrate a positive

impact. It is thought that prenatal WIC
participation may affect the incidence of

low birth weight through the provision of

food supplements and nutritional educa-

tion during pregnancy. WIC participants

also may receive health and social service

referrals, which may result in increased use

of prenatal care and other services. These
referrals may also have played a role in

improving the low birth weight rates

among the women who participated in the

WIC program.90

Seven major studies of the effects of the

WIC program have been carried out since

its inception in 1972. Most of these showed
either a positive effect of WIC participa-

tion on low birth weight91-93 or mixed
results, depending on the study design.94

A nationalWIC evaluation was undertaken

in 1986 and found that the provision of

WIC benefits did not reduce the incidence

of low birth weight or preterm birth.95

More recent studies have consistently

shown that women who receive WIC bene-

fits have lower rates of low weight births

than do women of similar socioeconomic

status who do not receive benefits. For

example, the General Accounting Office

estimates that, in 1992, women who re-

ceived WIC benefits had 25% fewer low

weight births and 44% fewer very low birth

weight infants than did similar women

Information about the impact of

resource policies on the incidence oflow

birth weight isfarfrom conclusive.

who did not receive these benefits.96 A
study on the savings in Medicaid costs

from WIC in five states indicated that pre-

natal WIC participation was associated

with increased birth weight, longer gesta-

tional age, a lower incidence of low birth

weight, and a lower incidence of preterm
birth than were found among women on
Medicaid who did not participate in the

WIC program.97

Providing Income Support

Information about the impact of resource

policies on the incidence of low birth

weight is far from conclusive. Not only

have the extremely limited studies pro-

duced somewhat mixed results, but there

simply is not enough information available

to make a reliable assessment. This lack of

information reflects both the paucity of

research on this subject and, what is more
important, the historical and ongoing fail-

ure to make the research link between
health and social policy.

Few studies have examined the effect

of social policies on birth weight using

nationally representative data. Some ob-

servers have suggested that the high rate

of low birth weight among AFDC benefi-

ciaries is evidence that AFDC contributes

to poor birth outcomes by providing low-

income families with the means to pursue
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unhealthy behaviors.98 However, in a

study examining the relationship between

a mother's participation in AFDC during

pregnancy and the birth weight of her

child, Currie and colleagues found that

the association disappears with appropri-

ate modeling.83 The authors suggest that,

to the extent that a relationship exists, it

is not a causal one. However, the authors

also did not find any significant effects of

AFDC participation on low birth weight

Few efforts designed to improve

pregnancy outcomes have attempted to

address directly insufficient resources

and limited income.

and postulate that this lack of effect may
be related to AFDC payment levels, which

may be too small to have a direct effect on
birth weight.

Other studies have found a positive

relationship between income support and
decreased low birth weight. In one ecologi-

cal study, increased rates of late and no
prenatal care and low birth weight among
low-income women were correlated with

economic stress during the recession of

1986 to 1991.99 One of the few studies that

examined the impact of income support

on low birth weight found an average ma-
ternal weight gain of about 0.3 to 1.2

pounds in response to income inter-

vention. 100 Based on additional explora-

tory investigations, the authors suggest

that improvements in nutrition may have

been part ofthe causal mechanism respon-

sible for the observed response.

Future Trends

Both health care reform and welfare re-

form top the agendas of the Clinton ad-

ministration and Congress at present.

Depending on the course each reform

strategy takes, they could result in mean-
ingful improvements in the health of

women and children. However, the pri-

mary debates on health care reform have

not broken from the paradigm of medical

solutions to problems which often stem

from social roots. Discussions surrounding

income security are likewise narrowly fo-

cused. Rather than concentrating on the

health and resource needs of families,

most proposals related to "welfare reform"

seek to reduce the numbers ofAFDC bene-

ficiaries and the duration of eligibility. In

keeping with earlier periods, strong em-
phasis is placed on "making work pay," as

well as on imposing incentives and penal-

ties as a means of addressing the perceived

"behavioral" determinants of poverty. 101

Health care reform and welfare reform

are strategically linked, however. By pro-

viding universal insurance coverage, even

among those employed part-time or in

small firms, health care reform is seen by

its proponents as necessary to facilitate

movement offwelfare, entry into the work-

place, and self-sufficiency. The current de-

bate recognizes the fact that, without fun-

damental reform in the organization and
financing of health care, families face the

threat of financial ruin if confronted with

a serious medical condition, thus linking

health care reform with economic secu-

rity. However, the converse is not yet true.

The importance of economic security to

improved health status remains absent

from the current debates.

Conclusion and
Recommendations

The association between socioeconomic

factors and low birth weight is well estab-

lished, though the precise mechanism by

which these factors influence birth out-

comes is not fully understood. Despite this

well-known association, few efforts de-

signed to improve pregnancy outcomes

have attempted to address directly insuffi-

cient resources and limited income. Even

during periods in twentieth-century

American history in which social reform

efforts flourished, the link between preg-

nancy and economic disadvantage was

rarely made and never sustained.

In many respects, this separation of

health and social policies is a uniquely

American phenomenon. Nearly every

Western European country long ago estab-

lished broad-based family policies that in-

tegrate health and social strategies. 102

Efforts in this country to replicate these

policies, even modestly, have largely failed

because of certain dominant attitudes. In-

deed, the continued detachment ofhealth

and social policies in low birth weight pre-

vention, in the face of mounting evidence

of the significant role social conditions

play in birth outcomes, reflects several

American attitudes toward poverty, social

class, and health.
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Economic disadvantage continues to

be viewed as more of an individual trait

than the result of circumstances or pat-

terns of social policies or political prac-

tices. People who hold this view believe

that individuals must overcome their dis-

advantage through individual means and
that society's responsibility, if any, should

be limited to helping them cope through

the provision of direct services. This view

reflects a strong value placed on work and
a reluctance to provide direct cash relief

to individuals because doing so may un-

dermine their motivation to work. 102 This

view creates a paradox for pregnant
women for whom entering the workplace

can be extremely difficult and for single-

parentingwomen forwhom work is impos-

sible without other support such as child

care and health insurance.

Yet, as the history of social reform and
attention to pregnancy outcomes demon-
strates, these competing notions have

never been reconciled. Indeed this focus

on individuals is also reflected in health

care policies where remedies tend to be
based on individuals rather than on com-
munities or populations. As such, efforts

are focused on services for individuals,

such as use ofmedical technology for high-

risk women, rather than being designed to

reduce that risk more generally among the

populations within which it exists. Thus,

optimal strategies to improve pregnancy
outcomes should include preventive ef-

forts targeted to both the individual and
the community.

Despite this legacy, stagnating low
birth weight rates in this country suggest

that a more coordinated strategy incorpo-

rating both social and medical inter-

ventions is warranted. Comprehensive
prenatal care will likely be a central feature

of this strategy, even if its effectiveness is

limited to certain groups. However, more
should be done to address the various re-

source-related problems that contribute to

poverty and its associated health prob-

lems. 102

To do so will require changes on the

part ofboth researchers and policymakers.

As a first step, both must embrace a

broader definition of health which incor-

porates social dimensions. Unless the

scope of health problems is viewed within

a broader context, the range of questions

and remedies is likely to be limited to those

traditionally undertaken. On the other

hand, a more comprehensive view of

health would allow for an appropriate

blending of theoretical frameworks and
methodologies from social sciences into

health and medical research, as well as

permit consideration of strategies that

unite the health and social components of

the low birth weight equation. Similarly,

the focus of research and interventions

should be recast from pregnancy out-

comes and infant health exclusively to one
that embraces the notion of women's
health more globally. This focus on
women's health may lead to more effective

strategies by incorporating women's
health status prior to conception, as well

as during and after pregnancy, thereby

increasing both the time frame and the

range of interventions that may be intro-

duced. Such an approach also permits a

more comprehensive view of the contex-

tual factors that contribute to pregnancy

outcomes, such as health status at the time

of pregnancy, health habits and behaviors,

and use of health services.

Beyond these initial steps, there is a

need for an expanded research agenda to

unravel the paradox ofsocioeconomic fac-

tors and health. This requires routinely

collecting socioeconomic data related to

individuals, families, and communities in

health-related surveys. It also requires

Optimal strategies to improve pregnancy

outcomes should include preventive

efforts targeted to both the individual

and the community.

more research which attempts to identify

the specific mechanisms by which socio-

economic status influences low birth

weight so that more refined measures of

social class may be developed and used.

Further, studies are needed which specifi-

cally explore the impact of income and
other resource interventions on low birth

weight. Collaborations with other coun-

tries where national family policies guar-

antee income security for families may
provide a promising start.

Ultimately, however, the nation's per-

sistently high rate of low birth weight

would be most effectively addressed
through a dedicated, national commit-
ment to assuring adequate support to in-

dividuals and families, including ample in-

come and health care. Sufficient evidence

is available to point to significant health
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benefits of an integrated approach to

health and well-being, incorporating high-

quality medical care with protections

against poverty and its circumstances.

Given historical precedent and counter-

vailing cultural pressures, achievement of

this goal will not be easy. However, as this

nation approaches the limits of medical

and service interventions, in terms ofboth
what they can accomplish and what they

cost, alternatives will be required. Mean-
while, successful completion of additional

research conducted in this country to fur-

ther document the value of integrated so-

cial and health policies will be useful. More
immediately, the nation is again at a criti-

cal juncture where efforts to address

health and social issues are under way si-

multaneously. This convergence presents

another opportunity to examine the rela-

tionship between health and socioeco-

nomic conditions and to develop an inte-

grated policy of health and economic
security.

1. Rogers, R.G. Living and dying in the USA: Sociodemographic determinants of death among
blacks and whites. Demography (May 1992) 29,2:287-303.

2. Kaplan, G.A., Haan, M.N., Syme, S.L., et al. Socioeconomic status and health. In Closing the

gap: The burden ofunnecessary illness. R.W. Amer and H.B. Dull, eds. New York: Oxford
University Press, 1987, pp. 125-29.

3. Marmot, M.G, Adelstein, A.M., Robinson, N., and Rose, GA. Changing social-class

distribution of heart disease. British MedicalJournal (1978) 1:1109-12.

4. Syme, L.S., and Berkmann, L.F. Social class, susceptibility and sickness. AmericanJournal of

Epidemiology (1976) 104:1-8.

5. Antonovsky, A. Social class, life expectancy and overall mortality. Milbank Memorial Fund
Quarterly (1967) 45:31-73.

6. Devesa, S.S., and Diamond, E.L. Association of breast cancer and cervical cancer incidence

with income and education among whites and blacks. Journal of the National Cancer Institute

(1980) 65:515-28.

7. Horon, I.L., Strobino, D.M., and MacDonald, H.M. Birth weights among infants born to

adolescent and young adult women. AmericanJournal of Obstetrics and Gynecology (1983)

146:444-49.

8. Paneth, N., Wallenstein, S., Kiely, J., and Susser, M. Social class indicators and mortality in low

birth weight infants. AmericanJournal ofEpidemiology (1982) 116,2:364—75.

9. Liberman, E., Ryan, K,, Monson, R., et al. Risk factors accounting for racial differences in the

rate of premature birth. New EnglandJournal ofMedicine (1987) 317:743-48.

10. Elbourne, D., Prichard, C, and Dauncey, M. Perinatal outcomes and related factors: Social

class differences within and between geographic areas. Journal ofEpidemiology and Community

Health (1986) 40:301-8.

11. Berkowitz, GS. An epidemiological study of preterm delivery. AmericanJournal ofEpidemiology

(1981) 113:81-92.

12. Erickson, A., Eriksson, M., and Setterstrom, R. Analysis of perinatal mortality in the Stockholm

area. Acta Paediatrica Scandinavica Supplement (1979 ) 276:35-40.

13. Frederik, J., and Adelstein, P. Factors associated with low birthweight of infants delivered at

term. BritishJournal of Obstetrics and Gynaecology (1978) 85:1-11.

14. Susser, M., Watson, W., and Hopper, K Sociology in medicine. New York: Oxford University Press,

1985.

15. Kitagawa, E.M., and Hauser, P.M. Differential mortality in the United States: A study in socioeconomic

epidemiology. Cambridge, MA: Harvard University Press, 1973.

16. Luft, H.S. Poverty and health: Economic causes and consequences of health problems. Cambridge, MA:

Ballinger, 1978.

17. Marmot, M.G, Shipley, M., and Rose, G. Inequalities in death—Specific explanations of a

general pattern. Lancet (May 5, 1984) 1:1003-6.

18. Rose, G, and Marmot, M.G. Social class and coronary heart disease. British HeartJournal

(1981) 45,1:13-19.

19. U.S. Department of Health and Human Services. Health status of minorities and low-income

groups. 3rd ed. Washington, DC: U.S. Government Printing Office, 1991.



The Role of Social Change in Preventing Low Birth Weight

20. Haan, M., and Kaplan, G. The contribution of socioeconomic position to minority health. In

Report of the Secretary's Task Force on Black and Minority Health. Vol. 2. Washington, DC: U.S.

Department of Health and Human Services, 1986, pp. 69-103.

21. Adler, N.E., Boyce, W.T., Chesney, MA., et al. Socioeconomic inequalities in health: No easy

solution. Journal ofthe American Medical Association (1993) 269,24:3140-45.

22. Johnson, J.W.C., and Dubin, N.H. Prevention of preterm labor. Clinical Obstetrics and Gynecology

(1980) 23:51-73.

23. Antonovsky, A., and Berstein, J. Social class and infant mortality. Social Science and Medicine

(1977) 11:453-70.

24. Murrells, T.J., Catford, J.C., Smith, T.M.F., and Machin, D. The use of logit models to

investigate social and biological factors in infant mortality. II: Stillbirths. Statistics in Medicine

(1985) 4:189-200.

25. Collins, J.W., and David, R.J. The differential effect of traditional risk factors on infant

birthweight among blacks and whites in Chicago. AmericanJournal ofPublic Health (1990)

80:679-81.

26. Institute of Medicine, Committee to Study the Prevention of Low Birthweight. Preventing tow

birthweight. Washington, DC: National Academy Press, 1985.

27. McCormick, M.C. The contribution of low birth weight to infant mortality and childhood

morbidity. New EnglandJournal ofMedicine (1985) 312:82-90.

28. Gortmaker, S.L. The effects of prenatal care upon the health of the newborn. AmericanJournal

ofPublic Health (1979) 69,7:653-60.

29. van den Berg, B.J., and Oechsli, F.W. Prematurity. In Perinatal epidemiology. M.B. Bracken, ed.

New York: Oxford University Press, 1984, pp. 69-85.

30. Fedrick, J., and Anderson, A.B.M. Factors associated with spontaneous preterm birth. British

Journal of Obstetrics and Gynaecology (1976) 83:342-50.

31 . Fedrick, J., and Adelstein, P. Factors associated with low birth weight of infants delivered at

term. BritishJournal of Obstetrics and Gynaecology (1978) 85:1-11.

32. Kieffer, E.C., Alexander, G.R., Lewis, N.D., and Mor, J. Geographic patterns of low birthweight

in Hawaii. Social Science and Medicine (1993) 36,4:557-64.

33. Gould, J. B., and LeRoy, S. Socioeconomic status and low birth weight: A racial comparison.

Pediatrics (1988) 82:896-904.

34. Ounsted, M., and Scoll, A. Social class and birthweight: A new look. Early Human Development

(1982) 6:83-89.

35. Starfield, B., and Budetti, P. Child health status and risk factors. Health Services Research (1985)

19,6:817-86.

36. Newacheck, P.W. Access to ambulatory care for poor persons. Health Services Research (1988)

23,3:401-19.

37. Klerman, L. Alive and well?A research and policy review of health programsfor pooryoung children.

New York: National Center for Children in Poverty, Columbia University, 1991.

38. Kramer, M.S. Intrauterine growth and gestational duration determinants. Pediatrics (1987)

80,4:502-11.

39. Stein, Z., and Kline, J. Smoking, alcohol and reproduction. AmericanJournal ofPublic Health

(1983) 73,10:1154-56.

40. Rush, D., and Cassano, P. Relationship of cigarette smoking and social class to birthweight and
perinatal mortality among all births in Britain, 5-11 April 1970. Journal ofEpidemiology and
Community Health (1983) 37:249-55.

41. Pamuk, E.R., and Mosher, W.D. Health aspects ofpregnancy and childbirth: United States, 1982.

Vital and Health Statistics, Series 23, No. 16. Hyattsville, MD: National Center for Health

Statistics, 1993.

42. U.S. General Accounting Office. Drug-exposed infants: A generation at risk. Statement of die

Comptroller General of the United States before the U.S. Senate, Committee on Finance.

Washington, DC: GAO, 1990.

43. Chasnoff, I., Landress, H.J., and Barnett, M.E. The prevalence of illicit drug or alcohol use

during pregnancy and discrepancies in mandatory reporting in Pinellas County, Florida.

New EnglandJournal ofMedicine ( 1990) 322, 1 7: 1 201-6.

44. Frank, DA., Zuckerman, B.S., Amaro, H., et al. Cocaine use during pregnancy: Prevalence

and correlates. Pediatrics (1988) 82,6:888-95.



THE FUTURE OF CHILDREN - SPRING 1995

45. Williams, D.R. Socioeconomic differentials in health: A review and redirection. Social

Psychology Quarterly (1990) 53,2:81-99.

46. U.S. Department of Health and Human Services. Report of the Secretary 's Task Force on Black and
Minority Health. Vol 1: Executive summary. Washington, DC: DHHS, 1985.

47. U.S. Bureau of the Census. Statistical Abstract of the United States: 1992. Washington, DC: U.S.

Government Printing Office, 1992.

48. Kleinman, J.C., and Kessel, S.S. Racial differences in low birth weight: Trends and risk factors.

New EnglandJournal ofMedicine (1987) 317:749-53.

49. Starfield, B., Shapiro, S., Weiss,
J., et al. Race, family income and low birthweight. American

Journal ofEpidemiology (1991) 134,10:1167-74.

50. Shiono, P.H., Klebanoff, M.A., Graubord, B.L., et al. Birth weight among women of different

ethnic groups. Journal of the American Medical Association (1986) 255:48-52.

51. Spurlock, C.W., Hinds, M.W., Skaggs,J.W., and Hernandez, C.E. Infant death rates among
poor and non-poor in Kentucky, 1982-1983. Pediatrics (1987) 80:262-69.

52. Kreiger, N. Racial and gender discrimination: Risk factors for high blood pressure? Social

Science Medicine (1990) 30:1273-81.

53. Haan, M.N., Kaplan, G.A., and Syme, S.L. Socioeconomic status and health: Old observations

and new thoughts. In Pathways to health: The role ofsocialfactors. J. P. Bunker, D.S. Gomby, and
B.H. Kehrer, eds. Palo Alto, CA: HenryJ. Kaiser Foundation, 1989, pp. 76-133.

54. House, J.S., Landis, KR., and Umberson, D. Social relationships and health. Science (1988)

241:540-45.

55. Meckel, R. Save the babies. Baltimore, MD: Johns Hopkins University Press, 1991.

56. Lesser, AJ. The origin and development of maternal and child health programs in the United

States. AmericanJournal ofPublic Health (1985) 75:590-98.

57. Guyer, B. The evolution and future role of Title V. In Children in a changing health system:

Assessments and proposalsfor reform. M. Schlesinger and L. Eisenberg, eds. Baltimore, MD:
Johns Hopkins University Press, 1990, pp. 297-324.

58. Starfield, B.J. Giant steps and baby steps: Toward child health. AmericanJournal ofPublic Health

(1985) 75:599-604.

59. Klerman, L., Russell, A.Y., and Valadian, I. Promoting the health ofwomen and children through

planning. Washington, DC: Maternal and Child Health Bureau, U.S. Department of Health

and Human Services, 1982.

60. Skocpol, T. Protecting soldiers and mothers: The political origins ofsocial policy in the United States.

Cambridge, MA: Harvard University Press, 1993.

61. Zelitser, V.A. Pricing the priceless child: The changing social value of children. New York: Basic Books,

1985.

62. Buhler-Wilkinson, K Bringing care to the people: Lillian Wald's legacy to public health

nursing. American Journal ofPublic Health (1993) 83,12:1773-77.

63. Kamerman, S.B. Toward a child policy decade. Child Welfare (1989) 1018,4:371-90.

64. Axinn,
J.,

and Levin, H. Social welfare: A history of the American response to need. 2d ed. New York:

Harper & Row, 1982.

65. Schmidt, W. How children got into the act. In Children andyouth in America. Vol. 3: 1933-1973,

Parts 5 through 7. RH. Bremner, ed. Cambridge, MA Harvard University Press, 1974, p. 1211.

66. Davis, K, and Schoen, C. Health and the luar on poverty: A ten year appraisal. Washington, DC:

Brookings Institution, 1978.

67. Preston, S.H. Children and the elderly in the United States. Scientific American (1984) 251,6:44-49.

68. Danziger, S.H., Sandefur, G.D., and Weinberg, D.H. The historical record: Trends in family

income, inequality, and poverty. In Confronting poverty: Prescriptionsfor change. Cambridge,

MA: Harvard University Press, 1994, pp. 18-50.

69. National Center for Health Statistics. Advance report offinal mortality statistics, 1989. Monthly

Vital Statistics Report, Vol. 40, No. 8, Suppl. 2. Hyattsville, MD: Public Health Service, 1992.

70. Starr, P. The social transformation ofAmerican medicine. New York: Basic Books, 1984.

71 . Sardell, A. Child health policy in the U.S.: The paradox of consensus. Journal ofHealth Politics,

Policy and Law (Summer 1990) 15,2:271-304.

72. Burtless, G. Public spending on the poor: Historical trends and economic limits. In Confronting

poverty: Prescriptionsfor change. Cambridge, MA: Harvard University Press, 1994, pp. 51-84.



The Role of Social Change in Preventing Low Birth Weight

73. Hughes, D., Johnson, K., Rosenbaum, S., et al. The health of America 's children: The maternal and

child health data book. Washington, DC: Children's Defense Fund, 1988.

74. Feder,J., Rowland, D., Holahan, J., et al. The Medicaid cost explosion: Causes and consequences.

Baltimore, MD: HenryJ. Kaiser Family Foundation, 1993.

75. Korenbrot, KC. Risk reduction in pregnancies of low income women. Mobius (1984) 4,3:34-43.

76. Lennie, J.A., Klun, J.R., and Hausner, T. Low birthweight rate reduced by the Obstetrical

Access Project. Health Care Financing Review (1984) 8,3:83-86.

77. Cramer, J. Social factors and infant mortality: Identifying high risk groups and proximate

causes. Demography (1987) 24,3:299-322.

78. Marmor, T.R., and Monroe, J.A. The health programs of the Kennedyjohnson years: An
overview. In Towards new human rights: The social policies of the Kennedy andJohnson
administrations. D.C. Warner, ed. Austin, TX: LBJ School of Public Affairs, 1977, pp. 157-82.

79. Piper,J.M., Mitchel, Jr., E.F., and Ray, WA. Expanded Medicaid coverage for pregnant women to

100% of the federal poverty level. AmericanJournal ofPreventive Medicine (1994) 10,2:97—102.

80. Piper, J., Ray, W., Griffin, M., et al. Methodological issues in evaluating expanded Medicaid

coverage for pregnant women. AmericanJournal ofEpidemiology (1990) 132,3:561-71.

81. Currie,
J.,

and Gruber, J. Saving babies: The efficacy and cost of recent expansions ofMedicaid

eligibilityfor pregnant women. Working Paper No. 4644. Cambridge, MA: National Bureau of

Economic Research, 1994.

82. Guyer, B. Medicaid and prenatal care: Necessary but not sufficient. Journal of the American

Medical Association (1990) 264,17:2264-65.

83. See note no. 81, Currie and Gruber, for more information on recent Medicaid eligibility

expansions for pregnant women.

84. Alexander, G.R., Weiss, J., Hulsey, T.C., and Papiernik, E. Preterm birth prevention: An
evaluation of programs in the United States. Birth (1991) 18,3:160-69.

85. McLaughlin, FJ., Altemeier, WA., Christensen, M.J., et al. Randomized trial of comprehensive

prenatal care for low income women: Effect on low birth weight. Pediatrics (1992) 89,1:128-32.

86. Olds, D.L., and Kitzman, H. Review of research on home visiting for pregnant women and
parents of young children. The Future of Children (Winter 1993) 3,3:53-92.

87. Buescher, P.A., Goforth, CM., Roth, M.S., and Williams, D. An evaluation of the impact of

maternity care coordination on Medicaid birth outcomes in North Carolina. American

Journal ofPublic Health (1991) 81,12:1625-29.

88. Villar,
J.,

Farnot, U., Barros, F, et al. A randomized trial of psychosocial support during high

risk pregnancies. New EnglandJournal ofMedicine (1992) 237,18:1266-71.

89. Oakly, A., Rajan, L., and Grant, A. Social support and pregnancy outcome. BritishJournal of

Obstetrics and Gynaecology (1990) 97:155-62.

90. Devaney, B. Very low birthweight among Medicaid newborns infive states. The effects ofprenatal WIC
participation: Volume 2. Washington, DC: U.S. Department of Agriculture, Food and Nutrition

Service, September 1992.

91. Kennedy, E.T., Gerhoff, S., Reed, R., and Austin, J.E. Evaluation of the effect ofWIC
supplemental feeding on birth weight. Journal of the American Dietetic Association (1982)

80:220-27.

92. Kotelchuck, M., Schwartz, J. B., Anderka, M.T., and Finison, K.S. WIC participation and
pregnancy outcomes: Massachusetts statewide evaluation project. AmericanJournal ofPublic

Health (1984) 74,10:1086-1148.

93. Metcoff,
J., Costiloe, P., and Crosby, W.M. Effect of food supplementation (WIC) during

pregnancy on birthweight. AmericanJournal of Clinical Nutrition (1985) 41:933-47.

94. Stockbauer, J.W. Evaluation of the Missouri WIC program: Prenatal components. Journal of the

American Dietetic Association (1986) 86,1:61-67.

95. Rush, D. Evaluation of the Special Supplemental Food Program for Women, Infants and
Children. AmericanJournal of Clinical Nutrition Supplement (1988) 48,2:512-19.

96. U.S. General Accounting Office. Early intervention: Federal investments like WIC can produce

savings. GAO/HRD-92-18. Washington, DC: GAO, 1992.

97. Devaney, B., Bilheimer, L., and Schore, J. The savings in Medicaid costsfor newborns and their

mothersfrom prenatal participation in the WIC program: Volume I. Washington, DC: U.S.

Department of Agriculture, Food and Nutrition Service, October 1990.

98. Murray, C. Losing ground: American social policy, 1950-1980. New York: Basic Books, 1984.



102 THE FUTURE OF CHILDREN - SPRING 1995

99. Fisher, E.S., LoGerfo, J.P., and Darling, J.R. Prenatal care and pregnancy outcomes during the

recession: The Washington state experience. AmericanJournal ofPublic Health (1985)

75,8:866-96.

100. Kehrer, B.H., and Wolin, CM. Impact of income maintenance on low birthweight:

Evidence from the Gary Experiment. Journal ofHuman Resources (1978) 14,4:432-61.

101. Rector, R. Strategies for welfare reform. (Hearing before the U.S. Congress, House,

Domestic Task Force of the Select Committee on Hunger.) In Federal policy perspectives on

welfare reform: Rhetoric, reality, and opportunities. Hearing, April 9, 1992 (Serial No. 102-25).

Washington, DC: U.S. Government Printing Office, 1992, pp. 60-89.

102. Kamerman, S.B. Child care policies and programs: An international overview. Journal of

Sociallssues (1991) 47,2:179-96.



103

The Role of Prenatal
Care in Preventing
Low Birth Weight
Greg R. Alexander
Carol C. Korenbrot

Abstract

Prenatal care has long been endorsed as a means to identify mothers at risk of

delivering a preterm or growth-retarded infant and to provide an array of available

medical, nutritional, and educational interventions intended to reduce the determi-

nants and incidence of low birth weight and other adverse pregnancy conditions and
outcomes. Although the general notion that prenatal care is ofvalue to both mother
and child became widely accepted in this century, the empirical evidence supporting

the association between prenatal care and reduced rates oflow birth weight emerged
slowly and has been equivocal. Much of the controversy over the effectiveness of

prenatal care in preventing low birth weight stems from difficulties in defining what
constitutes prenatal care and adequate prenatal care use. While the collective

evidence regarding the efficacy ofprenatal care to prevent low birth weight continues

to be mixed, the literature indicates that the most likely known targets for prenatal

interventions to prevent low birth weight rates are (1) psychosocial (aimed at

smoking); (2) nutritional (aimed at low prepregnancy weight and inadequate weight

gain); and (3) medical (aimed at general morbidity). System level approaches to

impact the accessibility and the appropriateness of prenatal health care services to

entire groups of women and populationwide health promotion, social service, and
case management approaches may also offer potential benefits. However, data on
the effectiveness of these services are lacking, and whether interventions focused on
building cohesive, functional communities can do as much or more to improve low

birth weight rates as individualized treatments has yet to be explored. The ultimate

success of prenatal care in substantially reducing current low birth weight percent-

ages in the United States may hinge on the development of a much broader and
more unified conception of prenatal care than currently prevails. Recommendations
for actions to maximize the impact of prenatal care on reducing low birth weight are

proposed both for the public and for the biomedical, public health, and research

communities.
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Prenatal care has long been endorsed as a means to identify

mothers at risk of delivering a preterm or growth-retarded infant

and to provide an array of available medical, nutritional, and
educational interventions intended to reduce the risks of low birth

weight and other adverse pregnancy conditions and outcomes. In both

Europe and the United States, an increasing interest in the beneficial

role of prenatal care was evident from the beginning of this century and
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has continued to date. 1
'2 In the late 1800s, the content of prenatal care

and the timing and frequency of visits were initially developed to detect

a rare but potentially life-threatening illness—eclampsia—which results

in high blood pressure, convulsions, and potentially death. 3 Regular

screening of the mother's urine and blood pressure was routinely incor-

porated into prenatal care to detect the occurrence of this disease.2>4

In 1901, organized outpatient prenatal ability of this intervention and the difficul-

care in the United States was reported and
consisted of home visits performed by so-

cial reformers and nurses. 2 -
3 The purpose

of these visits was to provide instruction in

self-care and emotional support for low-in-

come women. 2 -3 Eighty-four years later,

the enrollment of all pregnant women in

a system of prenatal care was promoted as

a national policy to reduce the risk of low

birth weight. 5 In spite of this national rec-

ognition of the importance of prenatal

care, considerable ambiguity still exists re-

garding its content and efficacy.6

Today, the content of prenatal care

varies but typically is initiated in the first

trimester of pregnancy and has an increas-

ing schedule of visits as the pregnancy
progresses. If a woman's pregnancy goes

to term, she may typically have anywhere
from 10 to 14 prenatal visits. The content

of this care usually includes screening for

a variety of medical conditions, physical

exams, and ancillary educational or coun-

In spite of this national recognition of the

importance ofprenatal care, considerable

ambiguity still exists regarding its content

and efficacy.

seling services. Providers who serve very-

low-income populations often assist

women to enroll in Medicaid and refer them
to public and private food supplementation

programs and other social services.

The Impact of Prenatal

Care on Low Birth Weight

Although the general notion that prenatal

care is of value to both mother and child

became widely accepted during the twen-

tieth century, the empirical evidence sup-

porting the association between prenatal

care and reduced rates of low birth weight

emerged slowly and has been equivocal.

The slow pace of research in this area

reflects, in part, the complexity and vari-

ties inherent in measuring the adequacy of

its use and its content. Prenatal care has

many aspects including, at a minimum,
when it starts, the number and spacing of

the visits, the content ofeach visit, the type

of provider, the provider setting (for ex-

ample, hospital, clinic, or home), the as-

sessment of risk status, the schedule of

medical screening tests, and the use of

specific medical, educational, nutritional,

and social support intervention services.

The history of efforts to assess the impact

of prenatal care documents the dogged
determination of several generations of

investigators to define and evaluate a com-
plex and changing intervention with nu-

merous components while being generally

limited to the use of observational studies.

The collective evidence suggests that

adequate prenatal care is associated with

reduced rates of low birth weight but

mainly among more mature full-term in-

fants. Unfortunately, prenatal care has

consistently not been shown to prevent

fetal growth retardation among less ma-

ture preterm infants or to prevent preterm

birth. ^ The relationship between prenatal

care and very low birth weight (less than

1,500 grams, or 3 pounds, 5 ounces) and
very preterm delivery (at less than 33

weeks) is also uncertain. Programs estab-

lished to prevent the onset of preterm

labor and to facilitate its early identifica-

tion and treatment also did not clearly

reduce rates of preterm birth or low birth

weight.8-10 These generally negative re-

sults underscore the lack of well-defined

programmatic approaches currently avail-

able to prenatal care providers to prevent

preterm birth.8 '
11

The results of randomized controlled

trials that have attempted to evaluate dif-

ferences in birth outcomes between stand-

ard prenatal care and more comprehen-

sive medical, nutritional, educational, and
psychosocial support service configura-

tions have also been generally negative,

although some have shown benefits for

specific populations. 10 -
12-15 A compre-

hensive program of prenatal nurse home
visiting had no overall effect on birth
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weight or gestational age, but improve-

ments in birth weight were noted for spe-

cific subgroups of women, for example,

young adolescents. 12

A prenatal intervention provided by

nurse-midwives which included patient

education, social support, and nutritional

and substance-use counseling also re-

sulted in no differences in low birth weight

from programs in which obstetricians pro-

vided only usual care. 10 In other studies,

the addition of social support or enhanced

prenatal care services also failed to reduce

rates of low birth weight. 13-16

Although the combined evidence from

nonrandomized studies suggests a rela-

tionship between some prenatal care serv-

ices and mean or low birth weight, the

many threats to validity of inference inher-

ent in these nonrandomized studies need
appraisal. 17-30 Nonrandomized observa-

tional studies do not control for the self-

selection bias of women who may choose

to use comprehensive rather than stand-

ard services. Further, if participation in a

comprehensive prenatal care program is

determined by the receipt of a minimum
number of visits, gestational age must be

considered as a potential confounder in

the selection of a comparison group.

There is little definitive information on
the extent to which specific individual

components or some combination ofcom-

ponents of standard or comprehensive

prenatal care—for example, social sup-

port, home visits, education, and the

like—may be effective.

A recent study, examining the relation-

ship between the receipt of a recom-

mended array of initial medical
procedures and health promotional ad-

vice during prenatal care and low birth

weight reported a positive benefit for

health advice but no associated impact for

the initial medical procedures.31 Vari-

ations by provider in the content of pre-

natal care have been noted, and there is

mounting evidence that these variations

may exist among population subgroups in

the content of prenatal care they re-

ceived. 32-36

As many of these studies relied on
mothers' memory of the advice and care

that they received, the possibility of recall

bias must be considered in the interpreta-

tion of these results.

Problems in Defining the
Relationship Between
Prenatal Care and Low
Birth Weight

Defining an accurate way to measure the

adequacy of prenatal care has been a ma-
jor challenge. Over the years, it has been
defined by the number of visits, the stage

of pregnancy at which care was initiated,

the source of care (private versus clinic,

public, or ward), the spacing of visits,

and/or the content of medical care and
auxiliary services (for example, blood and
urine tests, health education, and dental

care). 37-41 In 1962, Shwartz suggested that

the association between low birth weight

and the trimester in which care began or

the number of prenatal care visits may well

be confounded by gestational age.42 Moth-
ers who delayed initiation of care until the

third trimester are likely to have a declin-

Defining an accurate way to measure the

adequacy ofprenatal care has been a

major challenge.

ing risk of low birth weight as they are

approaching full term when care begins.

Conversely, increased birth weight may be

expected to coincide with more visits be-

cause both birth weight and the total num-
ber of scheduled visits increase with

gestational age. The importance of adjust-

ing for the effects of gestational age when
relating prenatal care use to birth weight

has now been recognized by many investi-

gators. 7 .
42-45

The cumulative results of studies of

adequate prenatal care utilization indices

have had a dramatic influence on estab-

lishing a widespread confidence in the

ability ofearly and frequent use ofprenatal
care to reduce the risk of low birth

weight.45-47 Nevertheless, limitations to

these studies have been recognized. Self-

selection bias is a major concern in the

interpretation of research in this

area.5 -
43 '46 -47 Health-conscious women

may be more likely to initiate prenatal care

early and to maintain a regular schedule

of visits. These same women may also dem-
onstrate other health-care-seeking and
health-promoting behaviors, including

planning their pregnancies, obtaining

preconceptional care, maintaining a
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Use of Prenatal Care by Birth Weight for Single Live Births to U.S.-Resident Mothers,

1986 (3,670,676 births)

Use of Prenatal Care Categories

Adequate Intermediate Inadequate No Care Missing Total

Percentage of Prenatal Care Use

All infants 55.64 19.15 5.14 1.87 18.20 100

Low birth weight infants 42.41 23.49 7.76 5.69 20.66 100

Percentage of Birth Weight Category

Very low birth weight
(< 1,500 grams)

0.70 1.02 0.90 5.16 1.55 1.02

Moderately low birth weight
(1,500-2,499 grams)

3.75 6.15 7.85 12.66 5.08 4.83

Low birth weight
(< 2,500 grams)

4.45 7.17 8.82 17.82 6.63 5.85

Source: National Center for Health Statistics. (1 991 ). Linked birth and infant death data set: 1986 birth cohort. (Data tape.) Available: Mortality Statistics

Branch. Division of Vital Statistics. NCHS. Centers for Disease Control and Prevention, 6525 Belcrest Rd.. Rm. 840. Hyattsville. MD 20782. (301) 436-8884.

proper diet, and abstaining from the use

of tobacco, alcohol, and illicit substances.

They may influence the content of their

care through their selection of a prenatal

care provider and through their requests

for and adherence to provider advice on
positive pregnancy-related behaviors.

These health-promoting behaviors may
contribute to reducing the risk of a low

birth weight deliver)'. Hence, adequacy of

prenatal care use could be an indicator of

myriad health-enhancing maternal atti-

tudes and behaviors as well as a measure

of the prenatal care received. In the absence

of findings from randomized controlled tri-

als, this unaddressed self-selection bias

leaves concerns as to whether simply im-

proving the adequacy of prenatal care use

will result in improvements in low birth

weight.

There are other limitations to studies

of prenatal care use. It should be noted

that prenatal care utilization indices,

which combine the timing of initiation

and the number of visits, are unable to

assess these components of the index sepa-

rately or to address issues related to the

content of the sendees received. (The two-

part adequacy of prenatal care utilization

index proposed by Kotelchuck, which

separately assesses initiation and adequacy

of visits, is a notable exception.48
)
Finally,

lack of clarity still exists regarding some of

the mechanisms or biological pathways by

which prenatal care services influence low

birth weight and its specific components
of preterm and small-for-gestational-age

birth. In more recent studies, researchers

have found that the major impact of any

prenatal care use on birth weight is limited

to more gestationally mature infants.49 -50

To illustrate the general findings of

studies using adequacy of prenatal care

indices, Table 1 presents birth weight char-

acteristics by adequacy of prenatal care

utilization groups for 1986 single live

births to U.S.-resident mothers.51 Prena-

tal care utilization categories were defined

using a modified version of the Kessner

index.45 -
46 The majority ofmothers (56%)

demonstrated adequate utilization, and

less than 7% reported inadequate utiliza-

tion or no care. Among mothers of low

birth weight infants, 42% adequately util-

ized prenatal care, while 13.5% exhibited

inadequate or no prenatal care use.

The second section of the table pro-

vides low birth weight percentages for

each category of prenatal care use. The
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moderately low (1,500 to 2,499 grams, or

between 3 pounds, 5 ounces and 5 pounds,

8 ounces) birth weight percentages pro-

gressively increased with less than ade-

quate prenatal care utilization (3.75% for

adequate to 7.85% for inadequate). A
similar progressive relationship between

adequacy of prenatal care and very low

birth weight (less than 1,500 grams) was

not in evidence, however. It should be

emphasized that the very low birth weight

category is appreciably comprised of very

preterm infants, a condition for which
there is less evidence of a relationship with

prenatal care use. While these data appear

to demonstrate an association between
adequacy of care and moderately low birth

weight, they are fraught with most of the

problems noted above and, thus, cannot

be viewed as definitive.

Ways in Which Prenatal

Care Services Might
Impact Low Birth Weight
Deliveries

For prenatal care to prevent low birth

weight deliveries, women at risk of giving

birth to preterm or intrauterine growth-re-

tarded infants need to be identified in an

accurate and timely manner and to receive

effective interventions to reduce prevent-

able risks. Unfortunately, the high risk as-

sessment screening systems that are

currently available are neither sensitive

nor specific enough to be of great clinical

value. 5 -8 Further, many incorporate risk

factors that are immutable, for example,

ethnicity, which limits the potential impact

of prevention-oriented prenatal care ef-

forts aimed at modifying amenable risk

characteristics.8 To appraise the potential

impact of universal access and use of pre-

natal care on reducing the current rates of

low birth weight, we must consider the

degree to which the currently known de-

terminants of low birth weight and its sub-

components, preterm delivery and
intrauterine growth retardation, are po-

tentially preventable or mutable. This

needs to be done to estimate a low birth

weight percentage that is likely to be
achieved through prenatal care inter-

ventions. One approach for estimating this

target is to determine the proportion of

the low birth weight problem in a popula-

tion which is potentially modifiable.

Establishing the relative prevalence

and strength of the known precursors of

intrauterine growth retardation (IUGR)
and preterm birth is difficult because so little

is known about their direct causes.52-54 In

developed countries, the predominant
risk factors in order of importance are: ( 1

)

cigarette smoking; (2) low maternal
weight gain; (3) low prepregnancy weight;

(4) first births; (5) female sex; (6) short

maternal stature; (7) black race/ethnicity;

(8) maternal low birth weight and prior

low birth weight history; and (9) general

morbidity. 52-54 The top three risk factors

can potentially be modified and have been
suggested to be involved in nearly two-

thirds of IUGR births. Although these es-

timates suggest that we have a relatively

good knowledge base for developing pro-

grams to improve fetal growth, these ef-

forts may have only a marginal impact on
neonatal and infant mortality in devel-

oped countries.54

In contrast, very little is known about

the risk factors for preterm birth. For pre-

term births in developed countries, the

primary risks are: (1) cigarette smoking;

(2) prior preterm birth and spontaneous

abortion; (3) low prepregnancy weight;

and (4) in utero exposure to diethylstil-

bestrol (DES), a miscarriage deterrent

used primarily in the 1950s in the United

States.52-54 More than two-thirds of pre-

term deliveries could not be explained by

known risk factors, and the proportion of

preterm births attributed in this analysis

to modifiable risk factors—that is, to smok-
ing, low prepregnancy weight, and DES

—

was approximately 25%. (It should be
noted that, while DES was identified as a

The most likely known targetsfor prenatal

interventions to prevent low birth weight

rates are (1) smoking, (2) nutrition, and

(3) medical care.

contributor to low birth weight, its contin-

ued impact on birth weight may be time-

limited. Its mention serves as a reminder
that well-intended prenatal treatments

can inadvertently or indirectly increase

the risk of delivering a low birth weight

infant.)

These results indicate that the most
likely known targets for prenatal inter-

ventions to prevent low birth weight rates

are (1) smoking (aimed at reduction or

cessation); (2) nutrition (aimed at increas-
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ing prepregnancy weight and/or ensuring
adequate weight gain during pregnancy)

;

and (3) medical care (aimed at reducing

overall morbidity).52-54 These data also

emphasize that an appreciable proportion

of low birth weight deliveries in developed
countries is due to unknown causes or is

related to factors that cannot be modified

during pregnancy. Some of these factors,

for example, ethnicity, may be indicative

of the long-term influence of adverse so-

cioeconomic conditions which may be dif-

ficult to overcome with prenatal care.

Lowering Individual Risks

Although we do not know the primary

causes for low birth weight and preterm
birth, we do know at least three important

steps that can be taken to reduce the rate

Clinical trials ofsmoking cessation

interventions have reported significant

effects on increasing birth weight.

of low birth weight. A short discussion of

these factors is presented below. (For a

more detailed discussion of individual life-

style factors, see the article by Chomitz in

this journal issue.)

Smoking Cessation

Smoking is a major preventable risk factor

for low birth weight.5 In the wake of grow-

ing acceptance of the evidence linking

smoking to adverse health effects, smoking
is declining among women, although not

as fast as among men. Some women report

that they cease smoking on their own when
they become pregnant (18% to 20%), and
others reduce the amount they smoke
(27% to 36%). However, about 25% of

women who are pregnant continue to

smoke throughout their pregnancy. 55 It

has been estimated that as much as one-

quarter of low weight births could be pre-

vented if smoking during pregnancy were

eliminated. 56

Some clinical trials of smoking cessa-

tion interventions have reported significant

effects on increasing birth weight.5 '-58

Smoking cessation methods during preg-

nancy generally include health education,

self-help techniques, or counseling pro-

grams. Some include home visits, and the

more recent approaches include feedback

to the woman of her own serum nicotine

metabolites. Quit rates during pregnancy

have ranged from 9% to 27%, and reduc-

tion rates, from 17% to 28%.59-6l

Smoking cessation methods are found
to be modestly effective at getting women
to stop or reduce smoking, except where
interventions merely involve routine ad-

vice or when advice was not given to all

smokers. 62 -63 Reduced smoking, as con-

firmed by biochemical tests during preg-

nancy, has been associated with improved
mean birth weight in a number of inter-

vention trials.57,58,64-66 However, most
studies of interventions to stop smoking
during pregnancy have been too small to

detect differences in low birth weight or

infant mortality rates. Many clinicians are

not thoroughly trained in, nor do they

have the time to provide, individualized

smoking cessation counseling or rein-

forcement. Haddow and colleagues found
that there was a 30% reduction in low birth

weight in pregnancies managed by physi-

cians who had the highest rates of com-
pleting the study's smoking cessation

intervention. 64 There was little impact on
those managed by physicians with lower

rates of completing the intervention. 64

Women who find the risks of smoking

acceptable are least likely to quit.
6,7 Some

women refer to their previous positive

birth outcomes to refute the risks of smok-

ing for them. Others, when trying to quit

smoking, point out the unhealthy effects

that their coping behaviors have on them-

selves and others. 68 In a group of British

women who had given birth to low birth

weight babies, 38% believed smoking was

a cause of low birth weight, but only 10%
thought smoking had anything to do with

the fact that they had a low weight baby. 69

Overcoming the factors that lead to these

beliefs is a challenge to prenatal care

providers.

There is much to be done to dissemi-

nate smoking cessation programs within

prenatal care. 61 -70 Given the substantial

proportions of women who continue to

smoke during pregnancy or relapse after

stopping, developing and disseminating

effective cessation programs that are prac-

tical for prenatal care settings offers one
potentially fruitful approach to address

this preventable precursor to low birth

weight. In view of recent findings that the

infants of mothers with passive smoke ex-

posure during pregnancy are also at risk,

efforts to modify smoking habits of family

members of pregnant women may be fur-

ther indicated. 71



The Role of Prenatal Care in Preventing Low Birth Weight

Nutritional Care

While there is substantial evidence associ-

ating low maternal weight gain and low

prepregnancy weight with low birth

weight,72-74 research studies do not clearly

indicate that prenatal nutritional inter-

ventions will reliably prevent low birth

weight deliveries. Randomized trials of

supplementation have not found any par-

ticular supplement associated with reliable

and appreciable improvements in birth

weight. 74 The equivocal research findings

regarding the impact of supplementation

on birth weight in adequately nourished

populations make it difficult to assume
that assessment and counseling efforts

alone will be highly associated with birth

weight improvements. 74 Overall, the avail-

able research on the influence of nutrient

supplementation of pregnant women on
improved birth weight suggests that bene-

fits may be largely limited to women who
are chronically undernourished.75

Medical Care

Although a specific medical condition may
have a large individual effect on birth

weight, most medical conditions affect

only a small proportion of pregnant
women and, therefore, may contribute lit-

tle to overall low birth weight rates.5 '
76

Infections, sexually transmitted diseases,

maternal hematological status, diabetes,

and hypertension-related complications

all heighten the risk of low weight births.5

While high-risk medical care in general,

rather than specific medical interventions

for specified conditions, might have a

measurable impact on low weight births,

not all medical interventions reduce the

chances of low birth weight. High-risk,

acute care to reduce IUGR or lower

chances of preterm birth are limited in

application and effect. Indeed, under spe-

cific conditions—for example, uncontrolled

diabetes or severe hypertension—the appro-

priate intervention may be to induce labor

and delivery even though doing so may
increase the risk of a low weight birth.

Interventions to minimize the risks of

intrauterine growth retardation must give

specific attention to fetal growth. A Public

Health Expert Panel recommended that

maternal risk factors for impaired fetal

growth be identified during prenatal

screening. 72 These factors include mater-

nal hypertension, renal disease, heart dis-

ease, third trimester bleeding, multiple

pregnancy, and sickle cell disease. In the

presence of such risk factors and an abnor-

mally low fundal height (abdominal meas-

urement of the mother) for a reliably de-

termined gestational age, an ultrasound

examination of the fetus, placenta, and
amniotic fluid and monitoring of fetal

well-being can aid in the management of

a pregnancy for optimal fetal growth.

There is little evidence that early delivery

improves outcome, except for prevention

of fetal death. 72

It is important to acknowledge that

certain risks of low birth weight may be

immutable once a woman is pregnant and
has decided not to terminate the preg-

nancy. At the individual level, the effect of

demographic risk factors on birth weight

tends to be smaller than medical condi-

tion effects. Nevertheless, demographic
risks affect larger numbers ofwomen and
may be more difficult to alter or amelio-

rate. 76 For example, limitations in the size

and weight of newborns associated with

the mother's or father's size (underweight

and short) or the mother's birth weight

are not likely to be reversible or may reflect

natural variation that is unrelated to mor-

tality. However, the higher rates ofvery low

birth weight among teenage mothers and

Most medical conditions affect only a

small proportion ofpregnant women and,

therefore, may contribute little to overall

low birth weight rates.

black mothers may indicate that some
demographic risk factors are partly

amendable by population-based compre-

hensive preconception and prenatal inter-

ventions. The following discussion

concentrates on the role of prenatal care

in reducing low birth weight rates by im-

plementing effective features of compre-

hensive care in populations rather than on
a case-by-case basis.

Lowering Population Risks

Improving the nation's low birth weight

rates will require more than simply improv-

ing the content of prenatal care and
changing individual risk factors. System

level approaches to impact the accessibility

and appropriateness of delivery of health

care services to entire groups of women
with specifically identified characteristics

associated with preventable risks of low

birth weight also may be needed. Although
observational studies often accompany
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population-based interventions, there is a

paucity of information from more rigor-

ously designed evaluations to assess the

impact of these innovations. A number of

population-based interventions aimed at

motivating and enabling women to opti-

mize their health behaviors and maximize
the benefits they might draw from health

care services like prenatal care have been
developed. Although the available evi-

dence to support their efficacy is equivo-

cal, they are areas for further investigation.

Improving the Use of Prenatal Care

Much attention has been given to the pos-

sibility that, in the absence of randomized
trials of prenatal care, the observed asso-

ciation between adequate prenatal care

utilization and lower rates of low weight

births may, in part, reflect the individual

and social characteristics of women who
choose to use prenatal care early and

In a national study of low-income

women, 71 % of the women experienced

a problem getting prenatal care.

often. Thus, an important area for con-

tinuing inquiry is the exploration of what

maternal, paternal, and social factors con-

tribute to the adequate use of prenatal

care. Interventions that improve compli-

ance with advice to obtain prenatal care

early and continuously throughout preg-

nancy may be found to improve compli-

ance with other advice given during
prenatal care visits, for example, to stop

smoking. It has already been reported that

belief in the benefits of prevention in gen-

eral and prenatal care specifically is associ-

ated with adequate care use. 77 -'8 In

addition, women who receive adequate

prenatal care are also more likely to get

preventive care for their infants.78

Women who get inadequate amounts
of prenatal care do so for a variety of rea-

sons related to characteristics of the health

care system, provider practices, and their

own individual and social charac-

teristics. 79 Numerous financial, cultural,

and system barriers to prenatal care access

have been identified. 79 In a national study

of low-income women, 71% of the women
experienced a problem getting prenatal

care and, on average, indicated three dis-

tinct barriers.80 Those who received the

least prenatal care cited finances as the

"most important reason" for not getting

prenatal care sooner or more often. How-
ever, as these women were more likely to

cite multiple access problems, improving
prenatal care access and use may require

more than overcoming health care system

financial barriers. Women next cited

transportation and child care as additional

barriers to prenatal care access.

Motivating positive attitudes toward

pregnancy is important. 81 Women whose
pregnancy is unwanted, who have negative

attitudes about being pregnant, or who
unintentionally became pregnant are

more likely to delay prenatal care or to

miss appointments.82 '83 Women who ob-

tain late or no prenatal care are more
likely to have considered abortion than

adequate prenatal care users. 84 A recent

study found that, prior to the availability

of abortion, women who indicated that

they or their husbands were unhappy, re-

sentful, or upset about the pregnancy, who
did not want the pregnancy, or who had a

mistimed pregnancy were more than twice

as likely to have a neonatal death, though

not a low birth weight baby. 85 Denial and
depression have also been associated with

poor use of prenatal care, especially

among adolescents. 86 The woman's part-

ner and family social support network

have also been found to be associated with

use ofadequate care, though findings con-

flict because of differing definitions of so-

cial support and differences in the

populations studied. 87 Women living with

the father or a sexual partner were more
likely to receive adequate prenatal care

visits than women living with adult rela-

tives.88 However, conflict or problems with

the father of the baby have been found to

act as deterrents to early and continuous

prenatal care use.89 '
90 Familial support

and discussions of pregnancy and prenatal

care have been shown to have only modest

or no measurable effects on a woman's

actual use of care. 77 -
86 '

91

Patient satisfaction with health care in

general is a current aim of quality assur-

ance efforts in the United States.92 What
is most important to pregnant women in

their care has only recently been studied.

Women who are satisfied with their care

and view their physicians as competent

and concerned about their welfare are

more likely to receive adequate amounts

of care.84 On the other hand, negative

attitudes toward health care and health

care providers may lead women to reject
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the importance of prenatal care and seek

care less often.

Women who disagree with their physi-

cians regarding health risks are less likely

to get care.93 Having a baby too soon or

too small is ofconcern to mostwomen, but

their own perceptions ofwhen is too soon,

what is too small, and what is a problem
vary. A small baby in and of itself is not

considered a risk by women in general.

When asked, many women will respond

that a smaller baby is easier in labor and
delivery. A British study of pregnant
women who had previously had a low birth

weight baby—one of the few studies to

look at women's views of the risks of low

birth weight—found that more than a

third of women (37%) did not see low

birth weight as a problem.69 Yet 63% of

these women said that the baby had been
in an intensive care unit, and 72% said that

the child had problems after birth. Some
15% said they did not think the child was

developing normally and 42% said they

had continuing worries about the child's

development.

Clearly, the determinants of prenatal

care use are varied and range from obvious

financial, geographic, and support barri-

ers to more subtle cultural and attitudinal

characteristics. Through the expansion of

Medicaid eligibility, nationwide efforts to

reduce the financial barriers to prenatal

care access have been under way for some
years.94 Preliminary reports indicate that

these efforts have increased prenatal care

use.95 -96 These reports are encouraging
given the established benefits that prena-

tal care can provide in the areas of mater-

nal morbidity and mortality and the

potential to encourage subsequent health

care utilization. 78 Nevertheless, between
1981 and 1991, the incidence of low birth

weight in the United States increased.97

Further, the proportion ofwomen getting

no care or starting prenatal care in the

third trimester also increased.97

To the extent that managed care plans

under Medicaid will increasingly become
the usual source of care for low-income
pregnant women, some of the current

providers of enhanced perinatal services

may be displaced. Publicly funded agen-

cies, maternal and infant care projects,

and health departments, typically seen as

having the capacity and experience to pro-

vide the ancillary services that enhance the

comprehensiveness of prenatal care, have

traditionally provided prenatal care serv-

ices to segments of the population at

higher risk. The maintenance or transfer

of this capacity and experience under
managed care or a health care reform

scenario is a matter for policy attention.

Providing Preconception Care

Continuous access to health care, not only

early in pregnancy but also before and
after pregnancy, has been advocated as a

means to improve health outcomes of

pregnancy, although there is a paucity of

rigorous evidence to establish the poten-

tial impact of this proposal. Availability of

abortion services and, to a lesser extent,

family planning services has been associ-

Continuous access to health care, not only

early in pregnancy but also before and after

pregnancy, has been advocated as a means

to improve health outcomes ofpregnancy.

ated with lower rates of low weight

births.98 " In addition, preconception

care is currently practiced in some places

as a part of maternal and fetal medical

care, family planning, and ongoing pri-

mary care. 100 Many low birth weight risks

predate a woman's pregnancy, and spe-

cific interventions exist to reduce prepreg-

nancy risks such as smoking, alcohol and

drug use, inadequate weight for height,

poor nutritional status, and chronic or re-

current diseases, including sexually trans-

mitted diseases, reproductive tract

infections, hypertension, and diabetes.5 -73

Women should be immune to rubella be-

fore pregnancy. Although outbreaks of ru-

bella are relatively rare, congenital rubella

syndrome effects on fetuses can be devas-

tating in early stages ofpregnancy. Women
should also be queried about the need for

genetic counseling prior to becoming
pregnant.

The role of preconception care in im-

proving pregnancy outcomes in general

and low birth weight rates in particular

remains a topic for investigation. There

are well-established methods for deter-

mining the relative value of screening tests

and treatment in women of varying risks.

It is important to assess the individual and

cumulative benefit to prepregnancy
screening and treatment for conditions

with high risk of low birth weight.
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Delivering Specialized Prenatal Care

Teenage pregnancy programs serve a

population group at distinct high risk of

low weight births and are generally a mix
of health care, education, and social serv-

ices in coordination with local agencies.

Core services include prenatal, postpar-

tum, and pediatric health care, remedial

education, employment training and
counseling, family planning services, life

A vital areafor reducing low birth

weight rates may lie with improving

socioeconomic conditions.

planning assistance and life skills training,

and parenting education. In addition,

many comprehensive care programs have

featured a case management approach in

which individualized service plans are de-

veloped on the basis of individual needs

assessments. 101 The programs are usually

based in schools, health facilities, or the

teens' homes. Besides providing psychoso-

cial, nutritional, medical, and health edu-

cation services, these programs also offer

parenting education, encourage contin-

ued schooling, urge adolescents to delay

subsequent pregnancies, prepare them for

employment, and assist them with legal,

family, and financial problems. In nonran-

domized studies, some of these programs

have been found to be associated with

higher-than-expected birth weights. 29

Prenatal home visiting programs are

designed to take aspects of prenatal care

into the homes ofwomen who live in high-

risk communities. The use of both nurses

and lay health workers as home visitors has

been revived in recent years as attention

has been paid to psychosocial and environ-

mental risk factors for low weight births of

the socially disadvantaged. Home visiting

is routine in many European countries,

where it is usually conducted by midwives.

However, many recent pilot projects in this

country have used lay health workers from
the community. While this intervention has

attracted considerable attention as a poten-

tially viable approach to improving birth

weights, the evidence regarding its effective-

ness remains open to debate.8 -
10

- 102

Involving Culturesand Communities in

Developing Prenatal Care

A vital area for reducing low birth weight

rates may lie with improving socioeco-

nomic conditions. Improvement in low

birth weight rates might be expected if the

health, well-being, resources, and prenatal

care of the advantaged women in this

country could be more widely distributed

and if improvements in education, em-
ployment, and child care opportunities

could be achieved.5 Focusing culturally

competent outreach and prenatal care ef-

forts in disadvantaged communities may
also be a potentially viable area for the

improvement of low birth weight rates.

?

9
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Cultural and community-based enhance-

ments of prenatal care have not been
evaluated for their impact on low weight

births.

Community empowerment is a process

of enabling groups to develop the author-

ity to act, control, or influence conse-

quences that are important to their mem-
bers. Since the beginnings of the

development of prenatal care, it has been
recognized that community conditions

such as poverty and racism can create cir-

cumstances in people's lives that heighten

the risks of morbidity, mortality, and the

inadequate use of preventive resources. 103

Empowerment is improving the distribu-

tion of the political resources conducive

to health and well-being. The concept of

empowerment of neighborhoods has led

to a recent revival of the ideas of commu-
nity health workers and community health

centers, whose broader role is seen as fam-

ily life community centers. The notion of

empowerment has become entwined with

the activities of the culturally focused

movements to promote family conditions

and parental competencies and behaviors

that contribute to maternal and infant

health and development. 104
'
105

The persistent lower rates of low
weight births in certain cultural groups,

even after adjustments for known differ-

ences in risk factors among these groups,

have raised concerns that prenatal care

should be adapted to specific cultures to

be most effective. Culturally sensitive serv-

ices are those in which there is an appre-

ciation or admiration for the cultural char-

acteristics of a group, and culturally

competent services refer to those that ac-

cept, respect, and give attention to cultural

differences in knowledge, values, beliefs,

and customs. 106
-
107 At the programmatic

level, it is recognized that realignments of

agency efforts are needed to collaborate

with communities in the joint develop-

ment of goals and directions and to share

responsibility for goals, resource develop-

ment, risks, and rewards. 108

Conclusions

In 1932, Dr. F. Browne observed that

"much of what passes under the guise of

antenatal care is too irregular, too infre-

quent, too ill-organized and perfunctory to

deserve the name and it can never accom-
plish anything . . .

."109 There have been
many improvements in prenatal care since

then. Nevertheless, the most recent com-

prehensive review of the content of prena-

tal care concluded that, "to continue the

process of refining the content of prenatal

care to meet the objectives for pregnant

woman, the infant, and the family, changes

in public policy and prenatal care provider

delivery of health care services must take

place."72

While lack of prenatal care has been
highly associated with low birth weight in

numerous studies, this relationship has

been difficult to understand from a medi-

cal point of view as it has been observed

that there is little done during the stand-

ard prenatal care visit that could be ex-

pected to reduce low birth weight. 110 A
more detailed examination of the avail-

able evidence and its limitations suggests

that the potential direct impact ofprenatal

care on low birth weight may be far less

than popularly assumed. On an individual

level, there are three specific areas—for

example, smoking cessation, nutrition of

the malnourished, and medical care

—

where prenatal care can have an impact,

particularly in reducing the number of

small-for-gestational-age infants. Popula-

tionwide health promotion, social service,

and case management approaches may of-

There is little done during the standard

prenatal care visit that could be

expected to reduce low birth weight.

fer further potential benefits, but data to

link the provision of these services to re-

ductions in low birth weight are lacking.

The very language of much of the re-

search on the impact of prenatal care re-

flects a predisposition toward viewing pre-

natal care as a medical procedure to be

doled out in units of service (the visit) or

types of service. The use of visits as the

measure of care is a natural extension of

this point of view, which de-emphasizes

the role of the mother, father, family, and
the community in fostering a social and
physical environment that enhances a

positive pregnancy process. When an im-

pression is created that prenatal care is a

specific health care intervention that can

be injected on a case-by-case basis to re-

duce low birth weight and other adverse

pregnancy outcomes, populationwide and
community-focused approaches may be
overlooked. The ultimate success of pre-
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natal care in reducing current low birth

weight percentages in the United States

may hinge on the development of a much
broader and more unified conception of

prenatal care than currently prevails. It has

yet to be explored if interventions focused

on building cohesive, functional commu-

The ultimate success ofprenatal care in

reducing current low birth weight

percentages in the United States may hinge

on the development of a much broader and
more unified conception ofprenatal care

than currently prevails.

nities can do as much or more to provide

women effective social support and a car-

ing, safe environment.

Numerous attempts have been made
to estimate the cost-effectiveness of prena-

tal care services.5 - 111 For each dollar spent

on prenatal care, expected medical cost

savings have been estimated to range from

$2.57 to $3.38.5 >
m However, these esti-

mates of the cost-effectiveness of prenatal

care may be overstated given the unquan-

tified differences in women who do and

do not use prenatal care and the equivocal

effectiveness of preterm prevention pro-

grams. Nevertheless, the long-term effects

of comprehensive prenatal care on im-

proving healthful behaviors and increas-

ing use of preventive health care for

infants and potentially all members of the

family may be understated. 78 While con-

siderable policy discourse has focused on

the association of prenatal care with low

birth weight, the benefits of prenatal care

for maternal, infant, and family health

should not be overlooked. To the extent

that the value of prenatal care is narrowly

viewed and promoted mainly in terms of

its impact on low birth weight, its much
broader impact and importance may be

ignored.

Recommendations

So what can be done and by whom to

maximize the impact of prenatal care on
low birth weight and other adverse preg-

nancy outcomes? The following list offers

some suggestions to the major groups in-

volved.

To the Biomedical Community

1. Continue the current practice of

screening for and treating disease condi-

tions that complicate pregnancies and in-

crease the risk of poor outcomes.

2. Pursue efforts to investigate and as-

sure the public of the effectiveness and
appropriate timing of services provided.

Tradition and provider convenience
should not obscure the importance of

demonstrating efficacy and encouraging

the active involvement ofboth mother and
family in the pregnancy process.

3. Expand efforts to screen for and
treat nonmedical risk-related conditions,

including substance abuse, physical abuse,

nutritional deficiencies, concrete living

need deficiencies, infant and child care

educational needs, and the like. In total,

prenatal care offers the opportunity to un-

dertake a comprehensive needs assess-

ment that has relevance not only to the

current pregnancy, but also to the future

health of the mother, the infant, the fam-

ily, and the children to follow.

4. Based on this assessment, provide

appropriate linkages with public health

and social services institutions to assure

comprehensiveness of care and needed
ancillary services, that is, make and follow-

up on referrals.

5. Improve the content of prenatal

care in terms ofadvice about health behav-

iors. Too many women are not getting the

full range ofrecommended advice on such

important topics as breast feeding and sub-

stance use cessation. 15
-
34

6. Develop and promote the culturally

competent practice of prenatal care.

7. As the establishment of a positive

pattern of health care utilization during

pregnancy may further promote the posi-

tive future use of preventive health care,

including prenatal care, for the mother,

infant, and family members, establish part-

nerships with public health and other

agencies to facilitate and assure adequate

continuation of prenatal care once it has

been begun.

To the Public Health Community

1. Promote a systems integration ap-

proach to prenatal care that enables link-

ages with the medical community for fol-

low-up, case management, and ancillary

services and assures continuity of coordi-

nated, risk-appropriate care.
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2. Provide populationwide (not just

high-risk) preconception and prenatal

education to encourage family planning,

reproductive health, and health promo-
tion. Give all women the information they

need to play a lead role in assuring their

reproductive health.

3. Undertake outreach and follow-up

efforts.

4. Continue to monitor and assess

health status outcomes, document risk in-

dicators, and evaluate interventions for all

women and infants.

5. Provide leadership toward the de-

velopment of community involvement
and empowerment in perinatal issues.

6. Advocate policies that facilitate ac-

cess to and availability of services.

7. Advocate and undertake inter-

ventions to reduce stressors related to dis-

parate socioeconomic conditions.

To the Public and Our Communities

1. Encourage and support every

woman's active involvement in decision

making and care.

2. Encourage populationwide ap-

proaches that increase community in-

volvement.

3. Encourage cultural competence on
the part of providers to increase accept-

ability.

4. Advocate and politically support ef-

forts to assure affordable and accessible

prenatal care to all so that our children

will have the best possible start in life.

To the Research Community

1 . Direct research efforts on the effec-

tiveness of the content of prenatal care, in-

cluding preconception care and the nutri-

tional and psychosocial aspects of care.572

2. Focus research efforts on the im-

pact of the individual components of pre-

natal care and their use in combinations.5

3. Expand research efforts on the im-

pact of prenatal care beyond measures of

birth weight and preterm delivery. Look, for

example, at maternal health, child health,

and subsequent health care utilization.

4. Develop improved strategies to

measure the adequacy of prenatal care

utilization and to assess the content and
quality of prenatal care.

5. Focus research on improving the

measurement of gestational age in popu-
lations in an effort to facilitate preterm

birth prevention research. In spite of the

reliability of the birth weight measure, it

is now widely recognized that prevention

and evaluation efforts should be more spe-

cifically focused on the determinants of

preterm and very preterm delivery, not on
low birth weight.52

6. Place emphasis on the use of ran-

domized controlled uials for assessing the

efficacy of prenatal care interventions.

7. Support efforts to review and assess

current prenatal care practice standards.

Reform of the health care system offers

an opportunity to shape a future that pro-

motes the health of infants and women,
facilitates reproductive choice, and as-

sures access and availability ofcomprehen-
sive health care and ancillary services—all

of which are needed to reduce the risks of

low birth weight. However, we must under-

take these efforts with the recognition

that, while adequate, comprehensive pre-

natal care is a necessary and important

part of the solution, it may not be sufficient

to effect the dramatic reduction in low

birth weight in the United States that many
have anticipated. The current evidence

and collective experience regarding the

role of prenatal care in the prevention of

low birth weight remains mixed and does

not support an unequivocal assumption

that universal access to prenatal care as

presently perceived will either result in

Reform of the health care system offers an

opportunity to shape afuture that promotes the

health ofinfants and women, facilitates

reproductive choice, and assures access and

availability ofcomprehensive health care and

ancillary services—all ofwhich are needed to

reduce the risks oflow birth weight

major declines in low birth weight percent-

ages or markedly reduce the current dis-

parities among population subgroups. We
must prepare now for the difficult task of

reeducating policymakers and the public

regarding the value of prenatal care and

the importance of universal access without

using the prevention of low birth weight

as the primary argument. In addition,

other avenues to reduce low birth weight

and preterm delivery must be explored.
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The Role of Lifestyle

in Preventing
Low Birth Weight
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Abstract

Lifestyle behaviors such as cigarette smoking, weight gain during pregnancy, and use

of other drugs play an important role in determining fetal growth. The relationship

between lifestyle risk factors and low birth weight is complex and is affected by

psychosocial, economic, and biological factors. Cigarette smoking is the largest

known risk factor for low birth weight. Approximately 20% of all low birth weight

could be avoided ifwomen did not smoke during pregnancy. Reducing heavy use of

alcohol and other drugs during pregnancy could also reduce the rate of low birth

weight births. Pregnancy and the prospect of pregnancy provide an important

window of opportunity to improve women's health and the health of children. The
adoption before or during pregnancy of more healthful lifestyle behaviors, such as

ceasing to smoke, eating an adequate diet and gaining enough weight during

pregnancy, and ceasing heavy drug use, can positively affect the long-term health of

women and the health of their infants. Detrimental lifestyles can be modified, but

successful modification will require large-scale societal changes. In the United States,

these societal changes should include a focus on preventive health, family-centered

workplace policies, and changes in social norms.

Many of the known risk factors associated with low birth weight,

such as socioeconomic status, ethnicity, genetic makeup, and
obstetric history, are not within a woman's immediate control.

However, there are things that a woman can do to improve her chances

of having a normal, healthy child. Lifestyle behaviors, such as cigarette

smoking, use of other drugs, and nutrition, play an important role in

determining fetal growth. Detrimental habits can be modified, but

successful modification requires more than just a dose of individual "self

control." Stopping lifelong addictive behaviors is very difficult, and a

woman who suffers from them requires support and assistance not only

from family members and individuals close to her, but also from the

health care system and society.

The relationship between lifestyle risk economic, and biological factors. While it

factors and low birth weight is very com- is important to describe the independent
plex and is affected by psychosocial, socio- effects of different behavioral and socio-
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economic risk factors, we must bear in

mind that these factors are not isolated

events in women's lives, but are a part of

many interrelated complex behaviors and
environmental risks. Factors associated

with the perinatal health of women and
children include demographic factors,

medical risks, and maternal behaviors.

These risk factors may influence maternal

and infant health direcdy (in terms of

physiology) or indirectly (in terms of

health behavior). In this article we focus

There are things that a woman can do

to improve her chances ofhaving a

normal, healthy child.

primarily on lifestyle behavioral risk fac-

tors that are amenable to change and that,

ifmodified before or during pregnancy, can

improve the likelihood of the delivery of a

full-term healthy infant of appropriate size.

Demographic Factors

Socioeconomic status and race/ethnicity

are indicators of complex linkages among
environmental events, psychological

states, and physiologic factors which may
lead to low birth weight or preterm deliv-

ery. While we do not fully understand the

specific biological pathways responsible,

we do know that a woman's social and
economic status will influence her general

health and access to resources. (See the

article by Hughes and Simpson in this

journal issue for a detailed analysis of the

effects of social factors on low birth

weight.) In this section, we review the ef-

fects of some demographic indicators.

Socioeconomic Status

Low birth weight and infant mortality are

closely related to socioeconomic disadvan-

tage. Socioeconomic status, however, is dif-

ficult to measure accurately. Educational

attainment, marital status, maternal age,

and income are interrelated factors and
are often used to approximate socioeco-

nomic status, but no single factor truly

measures its underlying influence.

Maternal education, maternal age, and
marital status are all reflective of socioeco-

nomic status and predictive of low birth

weight. Twenty-four percent of the births

in 1989 were to women with less than a

high school education. 1 Low educational

attainment is associated with higher rates

of low birth weight. 2 For example, relative

to college graduates, white women with

less than a high school education were
50% more likely to have babies with very

low birth weight (less than 1,500 grams, or

3 pounds, 5 ounces) and more than twice

as likely to have babies with moderately low
birth weight (between 1,500 grams and
2,500 grams, or 3 pounds, 5 ounces and 5

pounds, 8 ounces) than were women who
graduated from college. 2 Teenage moth-
ers are at greater risk of having a low birth

weight baby than are mothers aged 25 to

34. 1 However, it is not clear if the risk of

teenage childbearing is due to young mater-

nal age or to the low socioeconomic status

that often accompanies teenage pregnancy.

The marital status of the mother also

appears to be independently associated

with the rate of low birth weight,2 -3 al-

though the relationship appears to vary by

maternal age and race. The association of

unmarried status with low birth weight is

probably strongest for white women over

20 years of age. 2
-
4 Marital status may also

serve as a marker for the "wantedness" of

the child, the economic status of the

mother, and the social support that the

mother has—all of which are factors that

may influence the health of the mother
and infant.

It has been hypothesized that eco-

nomic disadvantage may be a risk factor

for low birth weight partly because of the

high levels of stress and negative life events

that are associated with being poor. Both

physical stress and fatigue—particularly

related to work during pregnancy—and
psychological distress have been impli-

cated.5 In addition, stress and negative life

events are associated with health behaviors

such as smoking.6 Social support may act

as a moderator or as a buffer from the

untoward effects of stressful life experi-

ences and emotional dysfunction.

?

Race/Ethnicity

The prevalence of low birth weight among
white infants is less than half of that for

African-American infants (6% and 13%,
respectively). This difference reflects a

twofold increase of preterm and low birth

weight births among African-American

mothers. 1 African-American mothers are

more likely to have less education, not to

be married, and to be younger than white

mothers. 1 However, at almost all educa-

tional levels and age categories, African-

American women have about double the
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rates of low birth weight as white women. 8

This fact indicates that these demographic
differences in education, marital status,

and age do not account for the large dis-

parity between African Americans and
whites in the incidence oflow birth weight.

Among infants of Hispanic origin, who
represented approximately 15% of live

births in 1989, the rate of low birth weight

was relatively low (6.1% overall), particu-

larly given that Hispanic women (except

Cuban women) had limited educational

attainment and were not as likely as non-

Hispanic white women to receive prenatal

care early in pregnancy. 1

However, Hispanics are a very diverse

group, and the low birth weight rates vary

considerably by national origin. Low birth

weight rates range from 9.4% among
Puerto Pdcan mothers to 5.6% among Cu-

ban mothers. Among Asian infants in

1989, the incidence of low birth weight

ranged from 5.1% for Chinese births to

7.3% for Filipino births. 1

It is not known why infants of African-

American mothers are twice as likely as all

other infants to be born with low birth

weights. The etiology of racial disparities

in infant mortality and low birth weight is

probably multifactorial in nature and is

not completely explained by differences in

demographics, use of tobacco and other

drugs, or medical illnesses.9 During the

primary childbearing years (ages 15 to 29)

,

the general mortality of African-American

women exceeds that of white women for

virtually every cause of death.

African-American women have higher

rates of hypertension, anemia, and low-

level lead exposure than other groups, 10

suggesting that the general health status

of African-American women may be
suboptimal. Infants of African-American

foreign-born mothers have lower risks of

neonatal mortality than infants ofAfrican-

American U.S.-born mothers, a relation-

ship that is not seen between foreign- and
U.S.-born white women. 11 In addition, ra-

cial or ethnic differences in familial structure

and social networks may affect morbidity and
mortality. 12 More research will be needed to

clarify the reasons for these disparities.

Nutrition and Weight Gain

Concerns about nutrition during preg-

nancy fall into two basic areas, maternal
weight gain and nutrient intake, both of

which can potentially affect the health of

the mother and infant. As with other life-

style factors, a woman's nutrition and
weight gain are closely linked to her socio-

economic status, cigarette smoking, and
other health-related behaviors.

Maternal Weight Gain

Maternal weight gain during pregnancy

results from a variety of factors, including

maternal dietary intake, prepregnancy

weight and height, length ofgestation, and
size of the fetus. The mother's prepreg-

nancy weight and height are, in turn, a

consequence of her genetic makeup, past

nutritional status, and environmental fac-

tors. The relationship between a woman's
caloric intake during pregnancy and her

infant's birth weight is complex and is

moderated through maternal weight gain

and other mechanisms during preg-

nancy. 13
'
14

Epidemiologic evidence has demon-
strated a nearly linear association between
maternal weight gain during pregnancy

and birth weight, 15 - 16 and an inverse rela-

tionship to the rate of low birth weight. 16

It comes as no surprise that maternal

weight gain during pregnancy is highly

correlated with the birth weight of the

infant because a large proportion of the

weight gain is due to the growth of the

fetus itself. Women with total weight gains

of 22 pounds (10 kilograms) or less were

two to three times more likely to have

growth-retarded full-term babies than

were women with a gain of more than 22

pounds. Once corrected for the duration

It is not known why infants of

African-American mothers are twice as

likely as all other infants to be born with

low birth weights.

of pregnancy, the relationship between

weight gain and preterm delivery is uncer-

tain.^, 18

On average, women gain about 30

pounds during pregnancy. Teenage moth-

ers, older mothers, unmarried mothers,

and mothers with less than a high school

education are most likely to have low or

inadequate weight gain during pregnancy.

Even after accounting for gestational age

and socioeconomic status, African-Ameri-

can mothers gain less weight than white

mothers (28 versus 31 pounds). 19 It has
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been estimated that from 15% to 33% of

women gain an inadequate amount of

weight (less than 22 pounds) during preg-

nancy. 13
-
19 Low weight gain may in part be

the result of outdated medical advice and
personal beliefs. In one study, one-quarter

of the pregnant women believed that they

should not gain more than 20 pounds
during pregnancy. 20 In addition, belief

that a smaller baby is easier to deliver and
thus that weight gain and fetal birth weight

Smoking during pregnancy has been

linked to 20% to 30% of low birth

weight births.

should be limited influences the amount
of weight gained by some women. 21

While higher maternal weight gain is

linked with healthier fetal weight gains,

women and clinicians are concerned that

women may retain weight after delivery

and be at greater risk for obesity. Recent

studies have shown that weight retention

following delivery increased as weight gain

increased, and African-American women
retained more weight than white women
with comparable weight gains during preg-

nancy (7.2 versus 1.6 pounds). 22 Thus,

weight management programs would be

appropriate for some women after deliv-

ery, but not during pregnancy.

Diet and Nutrient Intake

During pregnancy, the need for calories

and nutrients, such as protein, iron, folate,

and the other B vitamins, is increased to

meet the demands of the fetus as well as

the expansion of maternal tissues that sup-

port the fetus. As noted by Nathanielsz in

this journal issue, the nutritional needs of

the fetus are second only to the needs of

the mother's brain. Thus, it is important

for a pregnant woman to have a well-bal-

anced, nutritious diet to meet the chang-

ing needs of her body and her fetus.

Unfortunately, the direct relationship be-

tween specific vitamins and minerals and
low birth weight is unclear, and contro-

versy exists over the association between ma-
ternal hematocrit levels (which is a marker

for anemia) and preterm birth.23-26

A pregnant woman's current nutri-

tional status is determined by her prepreg-

nant nutritional status, her current intake

of nutrients, and her individual physiologi-

cal nutrient requirements. Members of

the National Academy of Sciences recently

reviewed the available literature on dietary

intake of nutrients and minerals among
pregnant women. They found that the en-

ergy intake (calories) for U.S. women was
consistently below recommended levels

and that the amount ofimportant vitamins

and minerals in their diet was also substan-

tially lower than the recommended daily

allowance. On average, intakes of protein,

riboflavin, vitamin B-12, niacin, and vita-

min C exceeded the recommended daily

allowance. 2,7

Women at particular risk of nutritional

inadequacy during pregnancy may require

nutritional counseling. Groups at risk include

women voluntarily restricting caloric intake

or dieting; pregnant adolescents;women with

low income or limited food budgets; women
with eating patterns or practices that require

balancing food choices, such as strict vege-

tarians; women with emotional illness;

smokers; women with poor knowledge of

nutrition due to lack of education or illit-

eracy; and women with special difficulties

in food resource management because of

limited physical abilities and poor cook-

ing or budgeting skills. 28

Lifestyle Choices:
Cigarette Smoking,
Alcohol, Caffeine, and
Illicit Drugs

Cigarette Smoking

Since the 1970s, the Surgeon General has

reported that cigarette smoking during

pregnancy is linked to fetal growth retar-

dation and to infant mortality. 29 Smoking
during pregnancy has been linked to 20%
to 30% of low birth weight births and 10%
of fetal and infant deaths.30 Cigarette

smoking is unequivocally the largest and
most important known modifiable risk fac-

tor for low birth weight and infant death.

Approximately 20% to 25% of Ameri-

can women smoke cigarettes during preg-

nancy. 31
-
32 White, young, unmarried, and

unemployed women, as well as women
with fewer than 12 years of education and
low socioeconomic status, are more likely

to smoke during pregnancy, compared
with nonwhite, older, marriedwomen with

more than 12 years of education and
higher socioeconomic status.27 '30 '33 -

34 For

example, 35% of mothers with less than a

high school education smoke compared
with 5% of college graduates. 35
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Smoking retards fetal growth. Birth

weight is reduced by 150 to 320 grams (5.3

to 11.4 ounces) in infants born to smokers

compared with those born to nonsmok-
ers. 36 It has been consistently reported

that, even after controlling other factors,

women who smoke are about twice as likely

to deliver a low birth weight baby as are

women who do not smoke. 37 A dose-re-

sponse relationship exists between the

amount smoked and birth weight: the per-

cent of low birth weight births increases

with increasing number of cigarettes

smoked during pregnancy. In addition,

exposure to environmental cigarette

smoke has also been associated with low

birth weight.38 Preterm birth is associated

with smoking, but the association is weak
compared with the association between

low birth weight and smoking.9 '
37 Cigarette

smoking during pregnancy may account for

up to 14% of preterm deliveries.37

Studies of women who quit cigarette

smoking at almost any point during preg-

nancy show lower rates oflow birth weight.

Most fetal growth takes place in the last

trimester, so that quitting early in preg-

nancy can decrease the negative effect of

smoking on birth weight. 33 Quitting even

as late as the seventh or eighth month has

a positive impact on birth weight.39

Overall, about one-quarter of women
who smoke prior to pregnancy quit upon
learning of their pregnancies, and an ad-

ditional one-third reduce the number of

cigarettes they smoke.33 -
40 Older women

and more educated women are more likely

to quit smoking during pregnancy.41 Light

smokers are more likely to quit smoking
than heavier smokers. Heavier smokers

are likely to reduce the amount they

smoke, but are unlikely to quit.42 Social

support appears to be a critical factor in

changing smoking behavior. 40

Even among women who do quit smok-

ing during pregnancy, about a third will

relapse before childbirth.43 In addition,

nearly 80% of women who stop smoking
during pregnancy relapse within one year

after the delivery.40 These high relapse

rates reflect the physiological addictive na-

ture of nicotine. While 57% of the preg-

nant smokers in one study were able to

decrease their intake, 40% "tried and
failed" to reduce.44 Of women who both

drank and smoked before pregnancy,

fewer women were able to decrease or quit

smoking than drinking, despite feelings of

social pressure to quit and feelings of guilt

at continuing to smoke.44 The high recidi-

vism rate after childbirth also reflects di-

minished maternal contact with the health

care system as health care provision shifts

from obstetrics to pediatrics.45

The bulk of evidence shows a clear and
consistent association between low birth

weight (primarily due to growth retarda-

tion, not preterm birth) and infant mor-

tality and smoking during pregnancy.

Smoking also impacts on other aspects of

the health status of women and infants.

Smoking has been linked to long-term ef-

fects in infants such as physical, mental,

and cognitive impairments.46 '
47 The link-

ages between smoking and illnesses, such

as cancer and cardiovascular and respira-

tory disease, are well known.48 In addition,

research on the effects of passive smoke
indicates an increased frequency of respi-

ratory and ear infections among infants

and children exposed to this smoke.33 -49

Alcohol Use

Alcohol use during pregnancy has long

been associated with both short- and long-

term negative health effects for infants.

Alcohol abuse during pregnancy is clearly

related to a series of congenital malforma-
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tions described as fetal alcohol syndrome.
However, the effects ofmoderate drinking

on the fetus are not well established. Alco-

hol use amongwomen of childbearing age

and, specifically, among pregnant women
has apparently declined significandy in

the past decades. 44 This decreasing trend

has generally been confined to more edu-

cated and older women. However, there

has been little or no change in drinking

during pregnancy among smokers,
youngerwomen, andwomen with less than

a high school education. 50

Heavy Drinking During Pregnancy

Numerous studies report an association

between chronic alcohol abuse and a se-

ries of fetal malformations. Fetal alcohol

syndrome is characterized by a pattern of

severe birth defects related to alcohol use

during pregnancy which include prenatal

and postnatal growth retardation, central

nervous system disorders, and distinct ab-

normal craniofacial features. 51 Heavy alco-

hol consumption has been cited as the

leading preventable cause of mental retar-

dation worldwide.52 It has been estimated

that the prevalence of fetal alcohol syn-

drome is 1 to 3 per 1,000 live births with a

significandy increased rate among alco-

Heavy alcohol consumption has been

cited as the leading preventable cause

of mental retardation worldwide.

holies of59 per 1 ,000 live births. Prenatally

alcohol-exposed babies with birth defects

who do not meet all required criteria for

the syndrome are categorized as having

fetal alcohol effects. The prevalence of

fetal alcohol effects may be threefold that

of fetal alcohol syndrome.52

The children ofwomen who continued

to drink an average of greater than one
drink daily throughout their pregnancies

are significantly smaller, shorter, and have

smaller head circumferences than infants

of control mothers who stop drinking.53

The risk of low birth weight to women
drinking three to five drinks per day was

increased twofold over nondrinking moth-

ers and almost threefold for those drink-

ing six or more drinks daily when com-
pared with women who did not drink. 54 A
study of French women showed that those

who consumed 35 drinks or more a week
gave birth to infants that weighed 202

grams (about 7 ounces) less than the in-

fants ofwomen who consumed six or fewer

drinks per week.55

Moderate Drinking During Pregnancy

While the effects of heavy daily drinking

are well documented, the impact of mod-
erate drinking is not as well established.

Approximately 40% to 60% of pregnant
women consume one drink or less a day.

Alcohol use exceeding one drink daily

ranges from 3% to 13%. Abstinence levels

in pregnantwomen have been reported to

range from 16% to 53%.50 >54 .56 Women
who consumed less than one alcoholic

drink per day had only an 1 1% increased

chance of delivering a growth-retarded in-

fant. 54 Decrements in birth weight from 32

to 225 grams (1.1 to 8 ounces) have been
reported for children born to women who
drank one to three drinks daily.55 -

57 Some
studies with long-term follow-up have re-

ported deleterious short-term effects and
long-term effects, such as growth, mental,

and motor delays, for infants of mothers

who drink alcohol during pregnancy. 58 -59

However, a number of studies demon-
strate insignificant or no effects of "low to

moderate" intake on growth at birth60 and
at four and five years of age.58 -61 The role

of binge drinking is unknown.

Profile of the Pregnant Drinker

The profile of the pregnant drinker varies

by the type of drinking. Any alcohol use

during pregnancy is associated with older,

white, professional, college-educated

women with few previous children. Drink-

ers are also more likely to be unmarried

and to smoke than are nondrinkers.50

However, heavier alcohol use, in excess of

two drinks daily, has been associated with

African-American and Hispanic race/eth-

nicity, less than a high school education,

and multiparity. Conversely, women who
abstained during pregnancy were more
likely to be younger, African-American,

and/or of moderate income.62

During pregnancy, many woman re-

duce their drinking63 with decreases oc-

curring in all types of drinkers.64 In addi-

tion, as pregnancy advances, the

proportion ofwomen drinking decreases.

In one study, 55% ofwomen drank in the

week prior to conception, 50% drank after

32 weeks, and only 20% drank in the last

week of their pregnancies. 65

Many of the studies investigating the

relationship of maternal alcohol use to

fetal effects suffer from methodologic

problems common to substance use re-
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search. Most of the studies rely on self-re-

porting which, because of the stigma at-

tached to alcohol use during pregnancy,

may be inaccurate. Studies ofdrug use also

often fail to consider other important fac-

tors, such as maternal nutrition, general

health, or marijuana use. In addition, the

usual dose, frequency of intake, and tim-

ing of drinking during pregnancy may re-

sult in different consequences, but this

information is often lacking.

Caffeine Consumption

Caffeine is one of the most commonly used
drugs. At least 52% ofpeople in the United

States drink coffee, 29% drink tea, and
58% consume soft drinks.66 Caffeine is

most commonly consumed in beverages

such as coffee, tea, and soft drinks; eaten

in the form of chocolate; and also taken as

part of various prescription and nonpre-

scription drugs. No consistent associations

between caffeine and low birth weight or

preterm birth have been observed.67 Most
studies have found no association between
caffeine use and low birth weight, butsome
studies report positive yet inconsistent as-

sociations. 67 Several studies have found an
interaction between caffeine and cigarette

smoking, where the adverse effects of caf-

feine were observed only among smokers.

The existence of such an interaction may
help to explain the conflicting results.

Illicit Drug Use

In recent years, the rise in use of illegal

drugs, particularly prenatal drug and co-

caine, or "crack," use has received exten-

sive coverage in the popular press and
sparked many investigations. Prenatal co-

caine and heroin abuse are clearly associ-

ated with adverse birth outcomes. Other
factors in a drug addict's lifestyle, includ-

ing malnutrition, sexually transmitted dis-

eases, and polysubstance abuse, may
contribute to an increased risk of adverse

pregnancy outcome and often complicate

the ability to examine the effects of indi-

vidual drugs. The effect of marijuana use

on the health of women and their infants

is not as clear, nor are the effects of the

occasional use of cocaine and other drugs.

Several methodologic problems hin-

der the interpretation and generalizability

ofmuch of the research on both the preva-

lence and effects of prenatal drug expo-

sure. Studies are often based on small,

nonrepresentative samples of mothers,

and the bulk of the literature regarding

illicit drug use relies on self-reporting. It

is difficult to elicit valid information about

illegal drug use, and a significant amount
of underreporting probably takes place.68

It is also unclear whether some of the

effects of drug use are due to fetal drug

exposure or to the generally poorer health

and limited prenatal care of many ad-

dicted women. Finally, most research has

been conducted with low-income urban
women who are often in poorer health and
under greater stress than their middle-

class counterparts. The timing of drug use

during the course of pregnancy and the

dosage undoubtedly influences the conse-

quences of the actions. However, most
studies have been unable to characterize

Prenatal cocaine and heroin abuse are

clearly associated with adverse birth

outcomes.

accurately the use of drugs in pregnancy.

In addition, interactive effects of illicit

drugs with alcohol, tobacco, or other

drugs have not as yet been adequately ex-

amined.

Despite the limitations of the research,

a number ofstudies have shown significant

effects of individual illicit substances on
women and infants. Elevated rates of fetal

growth retardation, perinatal death, and
pregnancy and delivery complications

—

such as abruptio placentae, high blood

pressure, and preeclampsia—have been
observed among drug-abusingwomen and
their infants.69-73

Cocaine Use

Maternal cocaine use has been associated

with low birth weight, preterm labor,

abruptio placentae, and fetal dis-

tress. 68 -
74

'
75 Brain damage and genitouri-

nary malformations of the neonate have

been reported, as well as fetal hyperther-

mia, thyroid abnormalities, stroke, and
acute cardiac events. 76 Neurobehavioral

effects found in neonates born to cocaine-

abusing mothers have also been reported.

These effects include decreased interac-

tive behavior and poor organizational re-

sponse to environmental stimuli. 72 '74

Marijuana Use

The effects of prenatal marijuana use on
pregnancy and infant outcomes are incon-

clusive. Children exposed to marijuana in

utero may be smaller than nonexposed in-

fants.68 Other reports suggest that preg-
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nant women who smoke marijuana are at

higher risk of preterm labor, miscarriage,

and stillbirth. 76 However, other studies

find no difference between users of mari-

juana and nonusers in terms of rate of mis-

carriage, type ofpresentation at birth, Apgar
status, and frequency of complications or

major physical anomalies at birth. 77

Very little is known about the number
of women who use drugs while pregnant,

their pattern of drug usage during preg-

nancy, or the intensity of use. The preva-

lence of illicit drug use among pregnant

women has been estimated using state

level and hospital-based studies. Based on
anonymous urine toxicology analysis com-
bined with self-reporting, the prevalence

of drug use among pregnant women has

been estimated at 7.5% to 15%. 78 -79

Cocaine use among pregnant women
has been estimated at 2.3% to 3.4%. 79,80

Regional and hospital-based data report

marijuana use during pregnancy in the

range of 3% to 12% and opiate (heroin)

use in the range of 2% to 4%. 78
>
79 Re-

gional data, such as New York City birth

certificate data,81 documented the dra-

matic increase in cocaine use relative to

other drugs during the 1980s.

Figure 1 presents a profile of substance

use among one sample of pregnant
women. 62 Extrapolation of the data sug-

gests that about half of all pregnant
women may completely abstain from ciga-

Stress is widely cited in the popular

literature as a serious risk to mothers and

infants, but current research has not

characterized its effects.

rette, alcohol, or drug use. However, ap-

proximately 14% of pregnant women en-

gage in two or more high-risk behaviors

during pregnancy, with about 2.5% of

pregnant women, possibly about 100,000

nationwide, combining smoking, drink-

ing, and recreational drug use.

Recent evidence suggests that, for

pregnant women who receive treatment

for drug abuse before their third trimes-

ter, the risks of low birth weight and pre-

term birth due to cocaine use may be mini-

mized.82 Little is known about which
women quit or reduce drug use and why.

In one study, college-educated, employed
women were more likely to quit recrea-

tional drug use during pregnancy than
were teenagers. The cessation rates were
similar by racial/ethnic background and
household income.62 In another study,

14% of white women who used marijuana

stopped using it upon starting prenatal

care, as compared with 6% of African-

American women.83

Stress, Physical Activity,

Employment, Social

Support, Violence, and
Sexually Transmitted
Diseases

As discussed in the previous section on
demographic risk factors, physical and psy-

chosocial stress may be associated with low

birth weight. Stress is widely cited in the

popular literature as a serious risk to moth-
ers and infants, but current research has

not characterized its effects. The scientific

literature linking stress and anxiety to ob-

stetric outcome has been equivocal, but

there is some basis for the notion that

maternal emotional distress may be linked

to poor reproductive outcome.84

Stress

Stress is believed to influence maternal

and infant health via changes in neuroen-

docrine functioning, immune system re-

sponses, and health behaviors. Thus, stress

may influence pregnancy outcome di-

rectly (in terms of physiology) or indirectly

(in terms of health behavior). Physiologi-

cally, stress has been associated with anxi-

ety and depression.85 It has been
suggested that anxiety may increase meta-

bolic expenditure and may lead to a lower

gestational weight gain or to an anxiety-

mediated change in catecholamine or hor-

monal balance which could provoke
preterm labor.37 Maternal psychological

stress or emotional distress may interfere

with the utilization of prenatal care or co-oc-

cur with particular health behaviors such as

smoking and alcohol consumption.

However, the many methodological

problems in much of the literature on
stress and social support limit the extent

to which studies can inform and guide

policy and research. The studies are often

based on small and ungeneralizable sam-

ples, and suffer from possible recall biases,

poor reliability, and validity ofstudy instru-

ments and confounding. These difficulties

arise from the multifactorial nature of

stress and social support and from the
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Figure 1

Profile of Substance Use Among Pregnant Women

Source: Adapted from Johnson, S.F. , McCarter, R.J. , and Ferencz. C. Changes in alcohol, cigarette, and recreational

drug use during pregnancy: Implications for intervention. American Journal of Epidemiology (1987) 126,4:701.

Reprinted with permission of the American Journal of Epidemiology.

problems inherent in trying to charac-

terize these poorly understood elements

of people's lives.

Physical Activity

Concerns about weight gain and health

have resulted in a high level of conscious-

ness about weight control. More than one-

third of American women participate in

some form of regular physical activity.86

Moderate aerobic exercise during preg-

nancy appears to have little adverse effect

on pregnancy outcomes, and the potential

benefits of exercise appear to be consider-

able.87 Moderate exercise may be particu-

larly beneficial for women at risk of

developing diabetes during pregnancy.

Lower levels of blood sugar were observed

among diabetic women who were ran-

domly assigned to moderate exercise regi-

mens.88 Decreases in the discomforts of

pregnancy, improved self-esteem, and re-

duced tensions were reported among women
who had participated in moderate physical con-

ditioning programs during pregnancy.89

Employment

The majority ofAmerican women are em-
ployed during pregnancy.90 Women are

employed in a wide range of occupations,

which have varying degrees ofphysical and

emotional demands, and varying levels of

exposure to employment-related chemi-

cals, radiation, or other toxic substances.

Thus, defining a particular "exposure"

that characterizes the potential risks of

employment has been difficult. In addi-

tion, the interrelationship between em-
ployment and socioeconomic status is

unavoidable. Employed mothers also may
accrue positive effects of employment
through increased socioeconomic status,

better access to medical care, and im-

proved overall lifestyle.91

In general, the results of studies evalu-

ating the relationship between employ-

ment and low birth weight have been

inconclusive.92 Studies conducted outside

the United States have found increased

rates oflow birth weight and preterm birth

among employed women whose jobs re-

quired heavy physical labor. However, re-

sults of studies conducted in the United

States are more mixed and have even dem-
onstrated positive effects of employment.

Further advances in this area will be ham-
pered until we are able to better under-

stand the complex relationship among
socioeconomic status, employment, stress,

and lifestyle.
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Domestic Violence

Depending on the population surveyed

and the questions asked, the prevalence of

battering of pregnant women has been
estimated to be 8% to 17%.93,94 There is

some evidence of low birth weight among
women who have been abused during

pregnancy,95 possibly due to a physical

trauma that initiates abruption, infections,

The prevalence of battering of

pregnant women has been estimated

to be 8% to 17%.

or uterine contractions leading to early

onset of labor. In addition, victimization

ofwomen may lead to a neglect of chronic

medical conditions or to later initiation of

prenatal care.94

Sexually Transmitted Diseases

Whether or not awoman gets infected with

a sexually transmitted disease is highly as-

sociated with her sexual behavior and the

sexual behavior of her partners. The
chance ofbeing infected increases with the

number of sexual partners. There is in-

creasing evidence to indicate that various

genital infections are associated with low

birth weight and preterm deliver)'.96 How-
ever, the large number of implicated or-

ganisms combined with the numerous
genital tract sites that they might infect has

made the investigation of sexually trans-

mitted diseases and low birth weight very

challenging. Aside from the devastating

effects on the fetus of untreated syphilis or

gonorrhea, few specific organisms or de-

fined genital tract infections have conclu-

sively been shown to be highly correlated

with preterm birth or low birth weight.96

Most of the evidence linking genital organ-

isms or infections to birth outcomes has

been inconsistent and has shown only a

low to moderate association. Clinical trials

of antibiotics aimed at removing the or-

ganisms or infections have not consistently

improved pregnancy outcomes.96

Other maternal infections during
pregnancy, such as cytomegalovirus, geni-

tourinary infections, pyelonephritis, and
HIV, as well as food- or environmentally-

borne infections such as toxoplasmosis

and listeriosis, may endanger the health of

the mother and fetus.5 '
97"99

Assessing the Impact
of Lifestyle Risk Factors

on Maternal and
Infant Health

In this section, we try to estimate the num-
ber of excess low birth weight or small-for-

gestational-age babies born due to

maternal lifestyle risk factors. As noted
earlier, the risk factors for low birth weight

described above do not occur as isolated

events; rather, they are part of a complex
web of social, environmental, and individ-

ual factors. To understand the importance

of these individual risk factors, we must try

to fit them into a framework that repre-

sents a realistic picture ofwhat is occurring

in women's lives. This task is made more
difficult because of our limited knowledge

of the many common risk factors and the

many potential interactions between fac-

tors which would result in a compounding
of adverse effects—such as alcohol abuse

and heavy cigarette smoking—as well as

the role of protective factors.

We started by selecting the risk factors

that have a consistent relationship with low

birth weight and have been shown to be

modifiable. These risk factors are cigarette

smoking, alcohol abuse, cocaine abuse,

and inadequate weight gain during preg-

nancy. The data on the prevalence ofthese

factors and the risk incurred were derived

from a variety of national and regional

studies, and thus the estimates presented

reflect the demographic and regional pro-

file of the sample used. The estimates are

not the result of a meta-analysis, but are

based on published analyses that repre-

sent conservative and plausible risk.

We estimated the extra adverse birth

outcomes attributed to high-risk lifestyle

factors by applying the rate of low birth

weight deliveries among cigarette smok-

ers, women with inadequate weight gain,

alcohol drinkers, and cocaine users, minus

a baseline rate of low birth weight among
low-risk women. The effects of reducing

stress and exposure to infectious agents

cannot be quantified at this time. The
numbers we derived are very rough esti-

mates and should be regarded only as or-

der of magnitude estimates.

Prevalence of Lifestyle Risk Factors

From the literature, we extrapolated esti-

mates of the prevalence of high-risk behav-

iors among pregnant women to the

number of live births in the United States
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in 1989. Some 20% to 25% of pregnant

women, or approximately one million,

smoked during pregnancy. 32 -33 (See Fig-

ure 2.) Approximately 15%, or about
600,000 nonobese women, may have an

inadequate total weight gain of less than

22 pounds during their pregnancy. More
than 40% of women may not completely

abstain from alcohol but consume less

than one drink per day during pregnancy;

about 3%, or 120,000 women, may have

one or more drinks per day.54 Approxi-

mately 105,000, or 2.6% of women, may
use cocaine around the time of delivery.'9

Excess Adverse Birth Outcomes

In 1990, there were 4,158,212 births in the

United States, and 6.97% (approximately

290,000) of these infants were born low

birth weight. 100 It comes as no surprise

that reducing cigarette smoking has the

largest potential to reduce the incidence

of low birth weight. Approximately 48,000

low birth weight births could have been
prevented ifwomen had not smoked dur-

ing pregnancy.

Women who failed to gain adequate

weight (less than 22 pounds) by term gave

birth to approximately 22,000 extra low

birth weight babies who were born at full

term. Approximately 14,000 infants a year

may be born small for their gestational age

due to maternal alcohol consumption,
and 10,000 excess low birth weight births

could be attributed to prenatal cocaine

abuse.

The low birth weight births that are

potentially preventable due to smoking,

inadequate weight gain, and alcohol use

would generally reduce the number of in-

fants who were born too small due to

growth retardation but would have little

effect on the number of infants born pre-

term. The lack of a relationship between
these risk factors and preterm birth indi-

cates that little improvement in preterm

birth rates could be expected with the

elimination of these risk factors.

Our estimates of the number of low

birth weight births are very rough and may
be inaccurate, as these numbers are only

as good as our current knowledge of the

true relationships between these risk fac-

tors and birth outcomes. The number of

low birth weight births estimated to be due
to each of these factors cannot simply be

added together to derive the total number
of births that might be prevented by life-

style changes because these estimates do
not take into consideration the interrela-

Figure 2

Prevalence of Low Weight Gain and Substance

Use Among Pregnant Women
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tionships among the risk factors. For ex-

ample, a women who is a heavy smoker
and drinker would be counted twice in

these calculations.

Directions for Future

Research: Identifying

Barriers to Change
Women face systemic, psychosocial, bio-

logical, or knowledge and attitudinal bar-

riers to lifestyle changes. Further research

must identify successful strategies for influ-

encing behaviors. Figure 3 illustrates the

complexity and interrelationship of com-
mon barriers to improving prenatal care

and nutritional status, and for modifying

smoking, drinking, and drug use.

Although some individuals within an
economically depressed or stressful situ-

ation may be involved in adverse lifestyle

behaviors, most women are not. It is there-

fore important not only to conduct re-
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search with those individuals who have less

healthy lifestyles, but also to profile and
learn from those who, given similar envi-

ronmental pressures, do not engage in

high-risk behaviors or who have been able

to change; that is, we must discover the

protective strategies or resilience among
individuals who are not engaged in ad-

verse lifestyle behaviors, and apply the les-

sons learned to intervention programs.

Directions for

Prevention/Intervention

Pregnancy and the prospect of pregnancy

provide a window of opportunity to im-

prove a woman's health before pregnancy,

during pregnancy, and after the birth of

her child. Pregnancy provides an opportu-

nity for increased contact with the health

care system and is associated with a height-

ened concern regarding health. More-

over, healthier mothers are more likely to

provide more healthful beginnings for

their children.

The adoption of healthful lifestyle be-

haviors before or during pregnancy, such

as ceasing to smoke cigarettes, eating

Pregnancy and the prospect ofpregnancy

provide a window ofopportunity to

improve a woman 's health before

pregnancy, duringpregnancy, and after the

birth ofher child.

foods that supply adequate nutrition and
produce an appropriate pregnancy weight

gain, ceasing or reducing alcohol con-

sumption, and ceasing illicit drug use, can

also positively affect the long-term health

of women, future pregnancy outcomes,

and the health of children.

The health of the family, in general,

may also be improved through household

dietary changes and the reduction of en-

vironmental risks such as secondhand
smoke. However, it must be reiterated that

behaviors should not be isolated from the

environment (society, community, and
family) that fosters and supports them,

and thus a change in the elements within

the environment will facilitate an individ-

ual's ability to change his or her behavior.

Despite the importance of maternal be-

havior modification to the health of moth-

ers, infants, and families, it is important to

recognize that there are systemic, biologi-

cal, psychosocial, and belief and attitudi-

nal barriers to behavioral change which
women also must overcome. Expecting

women simply to change or modify their

behavior without support and attention

from the health care system, society, and
influential people in their lives is unrealis-

tic and may help to foster the belief that

women are solely to blame for undesirable

behaviors.

Barriers to successful intervention will

not be overcome in the short term and will

require both system-level reform and indi-

vidual efforts. Many women who smoke,

engage in high-risk behaviors, eat poorly,

or lack access to health care also live sur-

rounded by poverty and violence, and go
without adequate housing or employ-
ment. Under such circumstances, living a

healthful lifestyle may not be a priority

compared with day-to-day survival.

Overcoming these social circum-

stances will require increased access and
availability to quality health care, as well as

other affiliated resources and facilities

such as child care, social services, law en-

forcement services, affordable and quality

food, transportation, and maternity provi-

sions during employment.

Finding ways to improve maternal and
infant health and decrease the low birth

weight rate is difficult, at least in part be-

cause the known causes oflow birth weight

are multifactorial, and much of the etiol-

ogy remains unknown. The independent

effects of economic disadvantage and in-

adequate health care coverage on mater-

nal and infant health are difficult to iso-

late. In addition, medical risk factors that

are identified and managed either before

or during pregnancy can positively influ-

ence the health of women and their in-

fants. Thus, linking women to continuous

health care early in pregnancy or, ideally,

before conception is a high priority for

intervention.

Health promotion efforts aimed at im-

proving infant health must do so by im-

proving women's health. Improving
women's health before, during, and after

pregnancy is the key to reducing the hu-

man and economic costs associated with

infant mortality and morbidity. To im-

prove both women's and infants' health,

efforts must target long-term, societal ele-

ments that involve policy or legislative

changes.
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Figure 3

Barriers to Behavioral Change

Psychosocial Barriers

Unplanned or unwanted pregnancy,
denial of pregnancy

Sexual, physical, or emotional abuse
Lack of support and encouragement

from familiy and friends

Low self-esteem, hopelessness, help-

lessness, apathy

Systemic Barriers

Poverty, lack of financial re-

sources and access to health
insurance

Unavailability of health care;
inadequate facilities, person-
nel, resources, and time

Language incompatibility and
poor communication

Negative attitudes of health
care providers; uninformed
providers

Prenatal Care

Nutritional status

Maternal weight gain
Smoking, drinking,

and/or drug use

Knowledge, Attitude, and Beliefs

Misinformation, myths regarding
consequences of behavior or

modifying behavior
Lack of understanding or person-

alizing regarding the impor-

tance of behavior
Lack of behavior change skills

Fear; distrust of doctors, health
care providers, and health
care system

Fear of deportation, incarcera-
tion, or losing children

Attitudes regarding pregnancy
and childbirth

Biological Barriers

Chemical dependence, craving, and
stress involved in quitting

Underlying psychopathology—affective

disorders or bipolar illness

Physical changes due to pregnancy

—

increased nutrient requirements,
fatigue, and decreased mobility

Source: Center for Health Communication, Harvard School of Public Health.

These efforts should include an em-
phasis on preventive health care services,

family-oriented work site options, changes

in social norms, and individual behavior

modification.

Strategies that can reduce the burden
of low birth weight do exist. The public

and private sectors must work together to

define, develop, and implement these

strategies.
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Evaluation of
Neonatal Intensive
Care Technologies
Jeffrey D. Horbar

Jerold F. Lucey

Abstract

The development and dissemination of neonatal intensive care technology has been
associated with improved survival for critically ill newborn infants, particularly those

with birth weights of less than 1,500 grams (3 pounds, 5 ounces). Despite these

advances, there are concerns about the long-term health status of surviving infants

and the costs of their initial and subsequent care. In this article, the authors review

current evidence for the effectiveness of neonatal intensive care and discuss several

approaches to evaluating neonatal intensive care technology. They discuss a four-step

process originally proposed by Roper for assessing and improving neonatal intensive

care practices which includes (1) monitoring of practices, outcomes, and costs; (2)

analysis of variation in practices, outcomes, and costs; (3) assessment of the efficacy

of individual interventions, and (4) feedback and education to alter clinical behavior.

The authors conclude that organized networks of neonatal intensive care units can

play a crucial role in this process.

The development and dissemination of neonatal intensive care

technology has been associated with increasing survival for low

birth weight infants, particularly those weighing less than 1,500

grams (3 pounds, 5 ounces) at birth. Other factors have also contributed

to this trend, including the regionalization of perinatal care, the emer-

gence of subspecialists in maternal-fetal medicine, neonatal medicine,

and pediatric surgery, and diagnostic and therapeutic advances in high-risk

obstetrics. Despite improvements in survival, however, there are continuing

concerns about the high costs of neonatal intensive care and the quality of

life of survivors. In this article we will discuss the evaluation of neonatal

intensive care technologies and emphasize the role that organized networks

of neonatal intensive care units can play in evaluating and continuously

improving the effectiveness and efficiency of neonatal intensive care.

Background

Neonatal intensive care for critically ill

newborns was introduced in the late 1960s

when methods for providing assisted ven-

tilation to small infants were first devel-

oped. Because neonatal intensive care

units required specialized personnel and
facilities beyond those available at most
hospitals, national efforts were made to

regionalize their location. 1 This strategy

was successful in increasing the availability
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of neonatal intensive care and resulted in

improved survival rates for low birth

weight infants. 2 By 1976 there were more
than 125 neonatal intensive care units in

North America, primarily at major univer-

sity medical centers. 3 There are now re-

ported to be more than 700 such units,

including both level 2 and level 3 nurser-

ies.4 Clearly, there has been a dramatic

increase in the number of neonatal inten-

sive care units. As a result, the majority of

newborns receiving intensive care are now
treated in smaller nonuniversity hospitals.

This trend, called "deregionalization," is

discussed in detail in the article by McCor-
mick and Richardson in thisjournal issue.

Neonatal-perinatal medicine became a

board-certified subspecialty of pediatrics

in 1975. The training period consists of

three years of general pediatric residency

There have been marked declines in

neonatal and infant mortality rates

coincident with the introduction and

refinement of neonatal intensive care.

plus three years of neonatology fellowship

in one of 106 approved training programs.

All neonatologists who entered training

programs after 1989 are required to take

a recertification examination in general

pediatrics and neonatology every seven

years. A survey of perinatal centers per-

formed in 1983 estimated that there were

1 ,509 physicians practicing neonatology in

the United States.5 In 1993, the Accredita-

tion Council for Graduate Medication

Education listed 528 physicians in neona-

tal training programs and 2,498 board-cer-

tified neonatologists. There is no official

estimate of the total number of pediatri-

cians currently practicing neonatology,

some ofwhom are not board certified, but

a data base maintained by Abbott Labora-

tories lists 3,740 individuals interested in

neonatology. A survey is being carried out

by the American Academy of Pediatrics to

gather more accurate data on the number
of neonatologists who are actually in prac-

tice. These data are important because

questions have been raised as to whether

there are currendy too many neonatolo-

gists in the United States as compared with

the number in other countries.6

The growth in the numbers of neona-

tologists and neonatal intensive care units

has been accompanied by rapid expansion

in the range and complexity of medical,

surgical, and diagnostic services provided

to critically ill newborns. In 1981, Sinclair

and colleagues enumerated some of the

specific preventive and therapeutic ma-
neuvers included in neonatal intensive

care programs. 7 They concluded that, al-

though the efficacy ofsome specific inten-

sive care maneuvers had been validated in

randomized controlled trials, the overall

effectiveness of neonatal intensive care

programs required further evaluation with

rigorous scientific methods. Since that ar-

ticle was written, a large number of new
intensive care techniques have been intro-

duced. Also, neonatal intensive care has

been provided to progressively smaller

and less mature infants so that infants at

23 weeks gestational age and 400 grams

(14 ounces) birth weight are now receiving

intensive care at many institutions.

A representative list of the technolo-

gies and procedures that are included in

current neonatal intensive care programs

is shown in Box 1 . This list is not exhaustive

but does give an indication of the range of

diagnostic and therapeutic measures
which are used in modern neonatal inten-

sive care. Most of the specific measures

have still not been subjected to rigorous

scientific testing, and there is considerable

variation among neonatologists in how
these techniques are used.

The Impact of Neonatal
Intensive Care

Mortality

Several lines of evidence support the hy-

pothesis that neonatal intensive care has

resulted in decreased mortality. First,

there have been marked declines in neo-

natal and infant mortality rates coincident

with the introduction and refinement of

neonatal intensive care. 8-10 This decline

has been almost entirely due to improve-

ments in the survival of very low birth

weight infants rather than a decrease in

the number of very low birth weight in-

fants. 10 Between 1965 and 1975, neonatal

mortality rates decreased by 35%. Because

other factors known to affect survival at a

given birth weight did not change during

this period, Lee and colleagues concluded

that improvements in perinatal medical

care were responsible.8 A more recent

drop in infant mortality has been associ-

ated with a specific neonatal intensive care

practice. 11-13 Between 1989 and 1990, the



Evaluation of Neonatal Intensive Care Technologies 141

Box 1

Neonatal Intensive Care Technologies and Procedures

1 . Environmental Control

incubators

radiant warmers

servo-controlled thermoregulation

heat shields

plastic wrap

humidification

control of noise and light

2. Vascular Access

umbilical artery/vein catheters

peripheral artery/vein catheters

central venous catheters

infusion and syringe pumps

3. Physiologic Monitoring

temperature

cardiorespiratory

electrocardiogram

thoracic impedance

apnea/bradycardia alarms

trend monitors

systemic blood pressure

oscillometric method

indwelling artery catheter

central venous pressure

oxygenation/ventilation

arterial blood sampling

capillary blood sampling

pulse oximetry

transcutaneous PO2, CO2
end tidal CO2

pulmonary function testing

4. Laboratory Testing

micro sampling methods

bedside glucose testing

routine chemistry, hematology, serology

microbiology

pulmonary maturity

genetic analysis

metabolic screening

5. Diagnostic Imaging

radiography

ultrasonography

doppler echocardiography

CT-scanning

MRI scanning

nuclear medicine scanning

6. Nutritional Support

parenteral nutrition

enteral feeding techniques

special formula

breast milk supplements

vitamins

minerals

trace elements

7. Blood Products

red blood cells

white blood cells

platelets

plasma

cryoprecipitate

coagulation factors

irradiation of blood products

8. Respiratory Support

supplemental oxygen

continuous positive airway pressure

chest physiotherapy

conventional ventilation

high-frequency ventilation

surfactant

extracorporeal membrane oxygenation

9. Delivery Room Resuscitation

10. Neonatal Pharmacotherapeutics

diuretics

xanthines

steroids

indomethacin

antimicrobials

heparin

vasopressors

sedatives/analgesics

1 1 . Phototherapy

12. Neonatal Surgery/Anaesthesia

13. Psychosocial Interventions

unlimited parental visiting

parental involvement in care

skin-to-skin contact

infant stimulation

reducing noxious stimuli

nonnutritive sucking

14. Neonatal Transport

skilled transport teams

air/ground transport

15. Other Diagnostic Testing

electroencephalogram

evoked response audiometry
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infant mortality rate dropped by 6% (from

9.7 to 9.1/1,000 births). Kleinman esti-

mated that as much as one-half of this

change may have been due to the intro-

duction of surfactant therapy, which re-

duces serious lung disease, into neonatal

intensive care. 11

The second line of evidence regarding

the effect of neonatal intensive care on
infant mortality is the observation showing
that low birth weight infants born in hos-

pitals with ternary level neonatal intensive

care units have lower mortality rates than

infants born in hospitals without such

units. 14

Paneth and colleagues found that pre-

term low birth weight infants born in New
York City were at a 24% lower risk ofdeath

if they were born at a hospital providing

tertiary level neonatal intensive care. 15

Similar findings have been reported for

total population cohorts of infants from
New York City, 16 several states in the

United States, 17 -
18 and the Netherlands. 19

Finally, increased access to neonatal

intensive care—either because a new neo-

natal intensive care unit is opened20 or

because regionalized neonatal services are

instituted2—has been associated with de-

creases in neonatal mortality. In Hamil-

ton-Wentworth County, Ontario, mortal-

ity for very low birth weight infants

dropped by nearly 17% after a regional

neonatal intensive care unit was opened
in 1973.20

All of these findings suggest that neo-

natal intensive care has played a role in

improving survival for low birth weight

infants. Other factors, including regional-

ized transport systems for high-riskwomen
and infants, advances in obstetrical care

and neonatal surgery, and improved train-

ing in maternal-fetal and neonatal medi-

cine, have also had an effect.

Long-Term Outcomes

The impact of neonatal intensive care on
long-term outcomes for low birth weight

infants is more complex. (See the article

by Hack, Klein, and Taylor in this journal

issue for a detailed discussion of long-term

developmental outcomes.) In a case study

published in 1987, the Office of Technol-

ogy Assessment concluded that "neonatal

intensive care has contributed to im-

proved longterm developmental out-

comes for premature infants. The great

decline in mortality among all subgroups

of very low birth weight infants over the

past 10 years, however, means there are

now larger absolute numbers of both seri-

ously handicapped and normal survi-

vors."21 A recent review of population-

based registries of cerebral palsy found
that one unavoidable side effect of the

increasing success of neonatal intensive

care is a moderate rise in the childhood

prevalence of cerebral palsy. 22 In addition
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to neurobehavioral disabilities and poor
school performance, children born at very

low birth weight who survive are also at

higher risk for a broad range of other ad-

verse health outcomes at school age.23-2^ As

a result, survivors of neonatal intensive care

have significandy increased medical care

costs throughout childhood, which may
pose a substantial financial burden to their

families. 28 -
29 These long-term conse-

quences must be carefully balanced
against the gains in survival in any evalu-

ation of neonatal intensive care.

Extreme Immaturity

There is considerable uncertainty about

the effectiveness ofneonatal intensive care

for extremely immature infants. Difficult

questions arise as attempts are made to

identify lower limits of birth weight and
gestational age below which neonatal in-

tensive care is either futile or does more
harm than good for the individual infant,

its family, and society. (For a discussion of

these ethical issues, see the article by Tyson
in this journal issue.) Based on infants

born between 1982 and 1988, Hack and
Fanaroff concluded that, with few excep-

tions, survival is limited to infants with

birth weights of 600 grams (1 pound, 5

ounces) or more or to those whose gesta-

tional age is at least 24 weeks. 30 They found
no improvement in the outcomes for such

infants between 1982 and 1988. Allen and
colleagues, in a study of infants of 22 to 25

weeks gestation born from 1988 to 1991,

found that no infants born at 22 weeks

gestation survived as compared with 15%
of infants born at 23 weeks, 56% born at

24 weeks, and 79% born at 25 weeks gesta-

tion. 31 Only 2% ofinfants born at 23 weeks

gestation survived without severe brain in-

jury as compared with 21% of those born

at 24 weeks and 69% of those born at 25

weeks of gestation. Allen and colleagues

concluded that aggressive resuscitation

and intensive care treatment are indicated

for infants born at 25 weeks gestation, but

not for those born at 22 weeks gestation.

They recommend that, for infants born at

23 or 24 weeks gestation, discussions in-

volving parents, health care providers, and
society at large are required. In contrast,

in 1991 the law in Japan was amended to

lower the limit of viability from 24 to 22

weeks because of increasing numbers of

survivors with gestational ages below 24

weeks. 32 -33 Questions about which infants

should receive intensive care will become
even more pressing as scarce health care

resources are carefully scrutinized and re-

allocated.

Clinical Evaluation
Science

Clinical evaluation science provides a

natural framework for evaluating neonatal

intensive care. This emerging field, other-

wise known as outcome research or medi-

cal effectiveness research, uses a variety of

analytic techniques to understand the re-

lationships between the structure, process,

outcomes, and costs of medical care. 34

Clinical evaluation science attempts to

identify and explain the variations in the

practice and outcomes which have been
observed to occur among regions, among
hospitals, and among physicians. Ulti-

mately, the goal is to change inappropriate

practice patterns by disseminating infor-

mation to physicians and patients. The
Patient Outcome Research Teams spon-

sored by the Agency for Health Care Policy

and Research are a major example of this

strategy in action.35

Roper and colleagues have described

a four-step process for assessing the effec-

tiveness of medical care and improving

clinical practice which illustrates many of

the techniques of clinical evaluation sci-

ence. 36 This process includes (1) monitor-

ing of practice, outcomes, and costs, (2)

analysis of variations in practice, out-

comes, and costs (3) assessment of the

The goal of clinical evaluation science is

to change inappropriate practice patterns

by disseminating information to

physicians and patients.

efficacy of individual interventions, and

(4) feedback and education to alter behav-

ior. We will discuss each of these steps as

they apply to neonatal intensive care and

describe the role that neonatal research

networks can play in this process.

Monitoring

Monitoring the medical interventions,

outcomes, and costs for large populations

requires accurate and timely data col-

lected using uniform definitions. A major

barrier to monitoring neonatal intensive

care on a large scale is the lack ofadequate

data sources. In the Medicare population,
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for which considerable effectiveness re-

search has been done, monitoring is facili-

tated by the availability of a universal data

base of Medicare claims.

No similar national data sources are

available for monitoring outcomes, inter-

ventions, and costs for perinatal patients.

Studies in perinatal patients have, there-

fore, relied on vital statistics, linked birth

and death certificates, state Medicaid files,

medical record reviews, and hospital dis-

charge abstracts.

Unfortunately, these sources often

lack the clinical detail necessary to prop-

erly monitor neonatal intensive care. A
pioneering example of how existing data

sources can be used for monitoring neo-

natal care is the system developed by Wil-

liams, which uses linked birth and death

certificates, for the state of California. 37

The March of Dimes Birth Defects

Foundation, in its recent publication, To-

ward Improving the Outcome ofPregnancy: The

Network data bases are now a major

resourcefor monitoring the process and
outcomes of neonatal intensive care.

90s and Beyond, recognizes that improved

data sources will be crucial to the evalu-

ation of neonatal intensive care. 38 Com-
prehensive perinatal data systems at the

state and regional level, which include vital

statistics and information about clinical

practice, will be needed. As integrated de-

liven' systems are developed under health

reform, there will be opportunities to cre-

ate modern information systems which

can be used to assess the effectiveness and
costs of neonatal intensive care.

Neonatal Network Data Bases

Currently, data bases maintained by neo-

natal research networks provide an impor-

tant source of data for monitoring the

practice and outcomes of neonatal inten-

sive care. There are now at least eight such

networks collecting information on in-

fants receiving neonatal intensive care

(see Box 2).

Two examples of networks with ongoing

data bases are the Vermont-Oxford Trials

Network39 and the National Institute of

Child Health and Human Development
(NICHD) Neonatal Research Network.40

These networks perform randomized tri-

als41-43 and maintain data bases for obser-

vational studies. The Vermont-Oxford Tri-

als Network consists of a broad range of

university and nonuniversity neonatal

units.

Membership is voluntary, most units

are small, and participating investigators do
not receive salary support for participation.

The NICHD Neonatal Research Network
consists of large university research centers

with network-funded research personnel.

Both of these networks maintain data

bases for infants with birth weights below

1,500 grams (3 pounds, 5 ounces). In

1992, the Vermont-Oxford Trials Network
collected information about more than

5,000 very low birth weight infants at 68

neonatal units. In 1993, it collected data on
more than 6,600 infants at 84 neonatal units.

The NICHD Neonatal Research Net-

work collected data on nearly 3,000 infants

at 12 neonatal units in 1992. Combined,
these networks represent approximately

20% of all very low birth weight infants

born in the United States. Network data

bases such as these are now a major re-

source for monitoring the process and out-

comes of neonatal intensive care.

Analysis of Variations

Since 1973, when Wennberg and Gittle-

sohn demonstrated that there were
marked variations in the utilization of sur-

gical procedures among hospital service

areas within the state of Vermont, a large

body of research has confirmed that both

patterns of care and patient outcomes vary

among geographic areas and hospitals in

ways that cannot be explained by differ-

ences in the patient populations which are

served. 44 In addition to large differences

in utilization rates for surgical procedures,

diagnostic services, and hospital admis-

sions, there is also wide variation in hospi-

tal mortality for a number of different

medical conditions.45

In the following sections, we will review

the data concerning variations in inter-

ventions and outcomes for neonatal inten-

sive care and discuss approaches to risk

adjustment for neonatal patients which

may be useful in determining the causes

of the observed variations.

Variations in the Use of Interventions

Large variations in the use of prenatal

corticosteroids exist despite their proven

effectiveness in reducing morbidity and

mortality among preterm infants. Corti-
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Box 2

Neonatal Research Networks

Name

1 . BAPM Perinatal Clinical Trials Group-British

Association of Perinatal Medicine

2. Canadian Perinatal Clinical Trials Network*

3. International Neonatal Network*

4. National Perinatal Information Center*

5. NICHD Neonatal Research Network

6. Perinatal Trials Service-National Perinatal

Epidemiology Unit*

7. Study Group for Complications of Perinatal

Care*

8. Tokyo Metropolitan Maternal & Child Health

Service Center—Data Base Project

9. Vermont-Oxford Trials Network*

10. National Neonatal Data Base

Contact Person/Address

Secretary BAPM
c/o Perinatal Trials Service

NEPU, Radcliffe Infirmary

Oxford, OX2 6HE UK

W. Fraser, M.D.

L'Hopital St. Francois d 'Assise

10 Rue de L'Espinay

Quebec, GIL 3L5 CANADA

W.O Tarnow-Mordi, M.D.

Department of Child Health

Ninewells Hospital and Medical School

Dundee, DDI 9SY UK

David E. Gagnon, M.P.H.

Executive Director

One State Street, Suite 102

Providence, Rl 02908

Linda Wright, M.D.

NICHD/NIH
Room 4B03, Bldg. 6100

9000 Rockville Park

Bethesda, MD 20892

Diana Elbourne, Ph.D.

NEPU, Radcliffe Infirmary

Oxford, OX2 6HE UK

T. Macpherson, M.D.

Department of Pathology

Magee Women's Hospital

Pittsburgh, PA 15213

M. Hirayama, M.D.

Tokyo MCH Center

Tokyo, JAPAN

Lynn Stillman

52 Overlake Park

Burlington, VT 05401

A. Peckham, M.D.S.

999 Old Eagle School Road
Wayne, PA 19087

* Open membership. For details about participation, please write to the contact person listed.

costeroid treatment of women at risk for

preterm delivery induces lung maturation

in the fetus and improves neonatal out-

comes.46 (For further discussion of the

effectiveness of corticosteriods, see the ar-

ticle by Ricciotti in this journal issue.)

There is clear and convincing evidence

from numerous randomized controlled

trials that antenatal corticosteroid treat-

ment not only reduces the risk of respira-

tory distress syndrome in preterm infants

of treated women but also reduces the risk
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Table 1

Percentage of Infants with Selected Interventions: Vermont-Oxford Trials Network, 1992

(5,032 infants weighing 501 to 1,500 grams treated at 68 centers)

Interventions

Percentage of Infants

In Total Network In Individual Centers
0

Oxygen 86 81 -94

Nasal CPAPb 33 7-53

Ventilator 77 70-85

High frequency ventilator 8 0-13

Surfactant 54 42-63

Steroids for CLDC 19 10-26

Indomethacin for PDAd 76 71 -90

Surgery for PDAd 13 0-18

a
Interquartile ranges.

b CPAP = continuous positive airway pressure.
c CLD = chronic lung disease.
d PDA = patent ductus arteriosus. Rates are for those infants with symptomatic PDA.

Source: The Vermont-Oxford Trials Network 1992 Annual Report. Burlington, VT: Neonatal Research and Technology Assessment, 1993.

of death and intraventricular hemor-
rhage.4^ Despite this evidence, many ob-

stetricians prescribe antenatal steroids

infrequently for women at risk for preterm

delivery, and some obstetricians do not

prescribe them at all. At 73 centers partici-

pating in the Vermont-Oxford Trials Net-

work in either 1991 or 1992, 26% of the

8,749 infants weighing 501 to 1,500 grams

Reportsfrom these two neonatal networks also

document substantial variation among neonatal

intensive care units in the use ofa number of

other postnatal interventions and procedures.

(from 1 pound, 2 ounces to 3 pounds, 5

ounces), were born to women who had

received antenatal steroids. 48 Twenty-five

percent of the centers in the network had
treatment frequencies of 1 1% or less; 25%
of centers had frequencies of 36% or

more; only 10% ofcenters had frequencies

of 60% or more. Data from the NICHD
Neonatal Research Network also indicate

wide variation in the use of antenatal ster-

oid therapy for very low birth weight in-

fants. 40 Overall, 16% of infants in the

NICHD Network were delivered to women
who had received steroids with a range of

1% to 33%.

Reports from these two neonatal net-

works also document substantial variation

among neonatal intensive care units (NI-

CUs) in the use of a number of other

postnatal interventions and procedures.

Table 1 shows the overall frequencies for

selected interventions and their interquar-

tile ranges at 68 centers which participated

in the Vermont-Oxford Trials Network in

1992.49

The variation persisted even within

250-gram birth weight categories. Data for

variation in postnatal interventions are

also provided by the NICHD Neonatal Re-

search Network. Methods of delivery room
management, use of phototherapy, ex-

change transfusions, indwelling vascular

catheters, and parenteral nutrition all ex-

hibited considerable variation among the

NICHD Network Centers. 40 The persist-

ence of variation within relatively narrow

birth weight categories suggests that the

variation is due in large part to differences

in practice styles among the units.
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Table 2

Percentage of Infants with Selected Outcomes: Vermont-Oxford Trials Network, 1992

(5,032 infants 501 to 1,500 grams at 68 centers)

Outcomes
Percentage of Infants

In Total Network In Individual Centers
0

Respiratory distress syndrome

Pneumothorax

Supplemental oxygen, day 28

Patent ductus arteriosus

Bacterial sepsis

Intraventricular hemorrhage

Retinopathy of prematurity

68

8

37

35

17

29

48

59-82

5-10

27-44

24-48

9-25

19-35

34-62

a
Interquartile ranges.

Source: The Vermont-Oxford Trials Network 1992 Annual Report. Burlington. VT: Neonatal Research and Technology Assessment. 1993.

Variations in Outcomes After

Neonatal Intensive Care

As previously discussed, neonatal intensive

care has resulted in increased birth-weight-

specific survival rates and a decrease in the

overall infant mortality rate. Infants born
at hospitals with level 3 neonatal intensive

care units have lower neonatal mortality

than infants born at hospitals without such

units. 15-19 Even among level 3 neonatal

intensive care units, however, there are

substantial variations in both mortality and
morbidity among the survivors.

Avery and colleagues found that the

incidence of chronic lung disease in in-

fants weighing 700 to 1,500 grams (from

1 pound, 9 ounces to 3 pounds, 5 ounces)

varied significantly among the eight insti-

tutions studied even after adjusting for

birth weight, race, and gender.50 The in-

vestigators suggested that the observed

variation was due to differences in respira-

tory care practices among the centers.

Horbar, in a study of 1 1 neonatal intensive

care units, found differences among cen-

ters both in the frequency of chronic lung

disease and in neonatal mortality.51 Again,

the differences persisted after adjustment

for birth weight, race, and gender. Kraybill

and colleagues, in a survey of 10 neonatal

units in North Carolina, found significant

differences among centers in the fre-

quency of chronic lung disease. 52 They
also suggested that differences in respira-

tory care practices might explain the find-

ings. Hack and colleagues, reporting for

the NICHD Neonatal Research Network,

indicate that there are large intercenter

differences in morbidity, particularly with

respect to chronic lung disease, necrotiz-

ing enterocolitis, intraventricular hemor-
rhage, and jaundice. 40 Wide variation in

most morbidities have also been docu-

mented for centers in the Vermont-Ox-
ford Trials Network (see Table 2). 49

These data suggest that there are dif-

ferences among neonatal intensive care

units with respect to short-term morbidity

and mortality. While some of these differ-

ences may be due to differences in the way
specific outcomes are diagnosed at the

different centers, the extent to which they

are due to differences in the quality of

medical care is unknown. Data regarding

variation in long-term neurodevelopmen-

tal outcomes and other morbidities

among centers are not available.

Risk Adjustment

Variations in the outcomes of hospitalized

patients have been used as indicators of

the effectiveness of medical care. How-
ever, before inferences can be drawn from
observed differences in mortality or other

outcomes among hospitals, it is necessary

to account for differences in case mix.

Variation in hospital mortality has three

major sources: the underlying risk of a

hospital's patient population, the effec-
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tiveness and appropriateness of care pro-

vided at the hospital, and sampling vari-

ations (the likelihood that the mortality

observed in the study group truly repre-

sents the experience in the total popula-

tion).53 Statistical models for predicting

mortality risk based on patient charac-

teristics have been developed for use in a

number of different clinical situations, in-

cluding adult medical and intensive care,

pediatric intensive care, and neonatal in-

tensive care.54-58 These risk adjustment

models can be used to compare the ob-

served outcomes at a particular hospital

with the outcomes that would be expected

based on the demographic characteristics

of the hospital's patients as well as the

severity of their illnesses measured by

physiologic and laboratory values. After

differences in patient risk and sampling

variations have been accounted for, resid-

ual variation in outcome is assumed to

reflect differences in the effectiveness

and/or appropriateness of medical care.

One of the earliest examples of risk

adjustment for the evaluation of perinatal

care was reported by Williams. 37 He ap-

plied a model for predicting neonatal

death based on birth weight, race, sex, and
multiple birth to more than 3 million in-

fants born at 504 hospitals in California

during the years 1960 to 1973. After the

Variations in the outcomes of hospitalized

patients have been used as indicators of the

effectiveness of medical care.

model had been used to account for new-

born risk and the effect of chance, there

was still a twofold variation in mortality at

these hospitals. This residual unexplained

variation was presumably the result of differ-

ences in the effectiveness of perinatal care.

More recently, risk adjustment models

have been developed specifically for neo-

natal intensive care. Richardson and col-

leagues have developed the Score for Neo-

natal Acute Physiology (SNAP), which is

patterned after the Acute Physiology and
Chronic Health Evaluation (APACHE)
score used in adult intensive care and the

PSI used in pediatric intensive care.59 The
SNAP can be applied to all NICU admis-

sions regardless ofbirth weight. The SNAP
is predictive of neonatal mortality even

within narrow birth weight strata and is

correlated with other indicators of sever-

ity, including nursing workload, therapeu-

tic intensity, and physician estimates of

mortality risk. Furthermore, the SNAP in-

creases the accuracy of neonatal mortality

risk prediction when used along with birth

weight, five-minute Apgar score, and size

for gestational age. 60 In the future, use of

scoring systems such as the SNAP will help

to refine the risk adjustment analyses and
provide us with a clearer picture ofvariations

in neonatal mortality across hospitals.

The International Neonatal Network
has developed the Clinical Risk Index for

Babies (CRIB), a scoring system for pre-

dicting mortality risk for infants weighing

1,500 grams (3 pounds, 5 ounces) or

less. 61 The CRIB score is based on birth

weight, gestational age, maximum and
minimum fraction of inspired oxygen,

maximum base excess, and presence of

congenital malformations. The score uses

values obtained within 12 hours of admis-

sion. The CRIB score is more accurate

than birth weight alone in predicting mor-

tality risk, and higher scores are associated

with an increased risk for major cerebral

abnormality.

Because postadmission data may re-

flect the results of Ueatments provided in

the neonatal intensive care unit rather

than the infants' underlying risk, mortality

prediction models based only on admis-

sion data are preferred if the goal of risk

adjustment is to identify differences in the

effectiveness of care. Both the SNAP and
the CRIB score use information collected

during the first 12 to 24 hours after admis-

sion to the neonatal intensive care unit for

predicting mortality risk.

Figure 1 shows- the standardized neo-

natal mortality ratios (SNMRs) at 68 cen-

ters participating in the Vermont-Oxford

Trials Network in 1992, and illustrates the

existing variation in mortality rates in

these centers. In this model, which is based

on factors present at the time of admis-

sion, the observed variations cannot be

attributed to the infant's birth weight,

race, gender, health at birth, receipt of

prenatal care, and location of the birth

because the effects of these factors have

been statistically controlled. The SNMR is

the ratio of the number ofobserved deaths

at a center to the number of deaths pre-

dicted based on the patient characteristics

in the model. An SNMR of 1 means that a

hospital has exactly the number of deaths

which would be expected; values greater

than 1 indicate that more deaths occurred
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Figure 1

Standardized Neonatal Mortality Ratios: Vermont-Oxford Trials Network, 1992

4

^ 2 1

"

1

68 Network Centers

Standardized neonatal mortality ratio (SNMR)

95% confidence intervals

Standardized Neonatal Mortality Ratios (SNMRs) and their 95% confidence intervals for 68 neonatal intensive care units in the

Vermont-Oxford Trials Network during 1992. The SNMR is the ratio of the number of observed deaths to the number of deaths

predicted based on logistic regression analysis.

Source: The Vermont-Oxford Trials Network 1992 Annual Report. Burlington, VT: Neonatal Research and Technology Assessment, 1993.

than were expected; values less than 1 in-

dicate that fewer deaths occurred than

were expected. Although some hospitals

have SNMRs that are less than 1 and others

have SNMRs that are greater than 1, in

most instances the 95% confidence limit

includes the values of 1, which means that

these hospitals do not appear to have too

many or too few deaths. Improved predic-

tor models which include major birth de-

fects among the predictor variables are

currently being developed.

Neonatal mortality prediction could

serve several purposes. One purpose is the

prediction of individual patient risk. It is

unlikely that any model will be accurate

enough to aid in patient care decisions

such as when to withhold or withdraw life

support. However, prediction of individ-

ual risk may be useful for identifying in-

fants who died despite having a low pre-

dicted probability of death. These cases

could then be chosen for audit as part of

local quality improvement efforts.

A second purpose for neonatal risk

prediction is the identification of outlier

hospitals where the quality or effectiveness

of care is low. Given the relatively small

number of very low birth weight infants

treated at individual neonatal intensive

care units, the confidence intervals for es-

timates of measures like the SNMR will be

large.62 This will severely limit the power
of even very accurate statistical models to

identify outlier hospitals. Aggregating

cases over multiple years increases the abil-

ity to detect outliers. It remains to be

proven, however, that targeting hospitals

in this way accurately identifies units pro-

viding less effective care,63 as methods to

adjust for the underlying risks and differ-

ences in the units remain imperfect.
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A third purpose for neonatal risk pre-

diction models is their use in studies of

hospital characteristics associated with

outcome. The power to detect differences

in risk-adjusted mortality rates among
groups of hospitals within large neonatal

networks will be greater than the power to

detect individual outliers. Several studies

have already shown that hospital charac-

teristics are associated with outcomes for

adult and neonatal patients. 37 -64 Williams,

in the study discussed above, found that,

after adjusting for patient risk, hospitals

with larger delivery services, urban hospi-

tals, hospitals performing above-average

numbers of cesarean sections, those re-

cording Apgar scores, and hospitals with

higher specialist-to-generalist ratios had
lower mortality rates. 37 Conversely hospi-

tals with more Spanish-surnamed mothers
and private proprietary hospitals had
higher mortality rates. Paneth and col-

leagues have shown that risk-adjusted neo-

natal mortality rates at level 3 hospitals are

The gold standardfor evaluating the

efficacy ofan intervention is the

randomized controlled trial.

lower than at either level 1 or level 2 hos-

pitals in New York City. 15
-
16 The Interna-

tional Neonatal Network has also shown

that mortality rates adjusted for risk using

the CRIB score are lower in tertiary as

opposed to nontertiary neonatal care units

in the United Kingdom.57

We are currently using data from the

Vermont-Oxford Trials Network to inves-

tigate whether hospital characteristics,

services, and staffing patterns are associ-

ated with differences in mortality for very

low birth weight infants. It is not known
whether patient volume, teaching status,

hospital ownership, and use of ancillary

personnel such as neonatal nurse practi-

tioners influence the costs and outcomes

of neonatal intensive care. Because of

trends toward deregionalization of care

and changing patterns of referrals due to

managed care, it will be increasingly im-

portant to understand how these factors

affect both costs and outcome. Neonatal

networks will be valuable laboratories for

answering health services questions about

the delivery of neonatal intensive care.

Assessment of

Interventions

Randomized Controlled Trials

The third step in the process for evaluating

and improving the effectiveness of neona-
tal intensive care is assessing the efficacy of

specific interventions. The gold standard

for evaluating the efficacy of an inter-

vention is the randomized controlled trial.

The National Perinatal Epidemiology Unit
in the United Kingdom has demonstrated
how large, simple randomized controlled

trials (RCTs) can be applied to answer

important questions in perinatal medi-

cine.65 Most medical innovations lead to

only small or moderate gains over standard

treatment, but large trials are required to

demonstrate such gains. For example, to

have a reasonable chance of demonstrat-

ing that a new treatment reduces mortality

from 25% to 20% requires a study that

enrolls nearly 3,000 infants, many more
infants than are generally admitted to any

one NICU in a year. In the past, too many
of the trials performed in neonatology

were single-center studies enrolling rela-

tively few patients. It is now clear that mul-

ticenter networks will be needed to

perform the large trials required to dem-
onstrate small, but clinically important,

differences between treatments. The re-

cent multicenter trials of surfactant ther-

apy, 66 high-frequency ventilation,67 and
cryotherapy for retinopathy of prema-
turity68 are examples ofhow this approach

can be used successfully to test new thera-

pies for neonatal intensive care.

A number of new therapies and tech-

nologies that are now in the early stages of

clinical development will require mul-

ticenter randomized clinical trials to dem-
onstrate their safety and efficacy for treat-

ment oflow birth weight infants (see Table

3) 69-82 Several of these treatments have

already been tested in initial small trials or

are currently being evaluated in multicen-

ter trials.

It is instructive to compare the situ-

ation in neonatology with that in pediatric

oncology. Eighty to ninety percent of chil-

dren in the United States with cancer are

cared for at institutions participating in

one of two national collaborative networks

(Children's Cancer Study Group or Pedi-

atric Oncology Group), using strictly de-

fined treatment protocols.83 These groups

continually refine their treatment proto-

cols based on the results of ongoing ran-
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Table 3

New Therapies and Technologies that Require Evaluation for Use in Low Birth Weight
Infants

Therapy Condition Related Endnote Numbers

Erythropoietin Anemia of prematurity Shannon69

Vitamin A Chronic lung disease Shenai, Kennedy, Chytil, and
^tnhlmnn^OJ (J Ml I ]\J\ I

Inositol Chronic lung disease Hallman, Bry, Hoppu, et al. 71

Early corticosteroids Chronic lung disease Yeh, Torre, Rastogi, et al. 72

Aerosolized corticosteroids Chronic lung disease La Force and Brudno73

Neuroprotective drugs Ischemic brain injury Traystman, Kirsch, and Koehler74

Metalloporphyrins Hyperbilirubinemia Valaes, Petmezaki, Henschke, et al. 75

Oral immunogloPulin Necrotizing enterocolitis Eibi, Wolf, Fumkrantz, and Rosenbranz76

Developmental stimulation Psychosocial development Lester and Trunick77

Nitric oxide Pulmonary hypertension Abman, Kinsella, Shaffer, and
Wilkening78

Extracorporeal membrane oxygenation (ECMO) Respiratory failure Revenis, Glass, and Short79

Liquid ventilation Respiratory failure Greenspan, Wolfson, Rubenstein, and
ShafferSO

Patient-triggered ventilation Respiratory failure Bancalari81

Supplemental oxgen Retinopathy of prematurity Phelps82

Sources: See the related endnote numbers at the end of this article for complete citations.

domized clinical trials. As a result, the out-

comes for children with cancer have im-

proved steadily.84 We should strive for a

similar organizational structure in neona-

tal intensive care.

Despite a central role in evaluating neo-

natal technologies, randomized trials will

not be capable of answering all of the ques-

tions that arise about interventions in neo-

natal intensive care.

Feinstein has pointed out that random-

ized controlled trials are not feasible for

studying multiple therapeutic candidates,

minor changes in therapy, instabilities

caused by rapid technological improve-

ments in available treatment, long-term

adverse side effects, studies of etiologic or

other suspected "noxious" agents, and the

diverse clinical roles of diagnostic technol-

ogy.85 Additional methods will be required

to address these issues. Observational stud-

ies based on large neonatal data bases from

multicenter networks will have a role in ad-

dressing those questions that cannot readily

be answered using randomized trials.

Meta-Analysis: Combining Data
from Many Randomized Trials

The evaluation of specific interventions

requires a synthesis of all the available

evidence. Traditionally, such a synthesis

took the form of a qualitative literature

review. Recently, statistical techniques for

combining the findings of individual stud-

ies have come into widespread use. The
formal overview, or meta-analysis, arrives

at a summary measure of effect size by

combining the results of individual tri-

als. 86 Meta-analysis provides a powerful

tool for evaluating the evidence from ran-

domized controlled trials. However, inves-

tigators must approach meta-analysis with

the same methodologic rigor as any other

research. Overviews should include all

relevant trials which meet predefined in-

clusion criteria. The results of the trials are

extracted from published reports and, in

some instances, supplemented with un-

published data obtained from the investi-

gators. These results are then tabulated,

and summary measures of effect size are

calculated. Several different statistical
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Figure 2

Natural Surfactant Extract Treatment of Respiratory Distress Syndrome
Meta-Analysis of 12 Randomized Controlled Trials

Decreased Risk Increased Risk
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Meta-analysis of 12 randomized controlled trials of natural surfactant extracts for the treatment of neonatal respiratory distress

syndrome.

Source: Mercier. C.E.. and Soli, R.F. Clinical trials of natural surfactant extract in respiratory distress syndrome. Clinics in Perinatology (1993) 20:723-25.

methods for determining the summary
measures are available.

8,7

The method of meta-analysis has been
extensively applied to synthesizing the re-

sults of randomized trials in perinatal

medicine. Formal meta-analyses, or over-

views, have been included in the Oxford

Database ofPerinatal Trials, which contains

a bibliography of all randomized trials in

prenatal medicine published since

1940. 88 >89 Several obstetrical overviews90

and neonatal overviews have also been
published.91

These reference works will be updated

and published in electronic format, pro-

viding extensive statistical summaries of

the available evidence for perinatal inter-

ventions. The highly respected Cochrane
Collaboration has been established to co-

ordinate and disseminate overviews ofran-

domized trials which can be used to in-

form evidence-based decision making.

An example of a recent meta-analysis

is the overview by Mercier and Soil of the

effects of natural surfactant therapy for the

treatment of respiratory distress syndrome
(see Figure 2) .

92 This overview is based on
12 separate randomized trials. Taken to-

gether, these trials indicate that surfactant

therapy reduces the risks for serious lung

diseases and mortality.

The individual trials did not each dem-
onstrate these results. Only by pooling the

evidence from all of the trials do such clear

conclusions emerge. Formal overviews

such as this one are powerful tools for

evaluating the efficacy and safety of spe-

cific interventions.

A novel form of meta-analysis has re-

cently been described for combining the

results of randomized trials and medical

practice data bases. This method—called

cross-design synthesis—identifies studies

conducted using similar research designs,

assesses the potential biases associated

with each design, makes secondary adjust-

ments of study results to correct for known
biases, and develops models for synthesiz-

ing results which minimize hidden bi-

ases.93 This untested method may prove
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useful in the future because it combines
the strengths of randomized trials for pro-

ducing unbiased comparisons with the

ability of patient data bases to include a

broad range of patients treated in real-

world conditions.

Economic Evaluation

Faced with limited reserves and the need
to choose among alternative programs,

policymakers must consider not only

whether neonatal intensive care is effective

but also whether it is worth the cost. In-

creasingly, analysts have come to rely on
cost-effectiveness analyses to evaluate

medical care and interventions.94 In cost-

effectiveness analyses, an estimate is made
of the incremental costs of an improve-

ment in health status (such as the cost of

an additional year of life), attributable to

a particular intervention and compared
with the incremental costs of other inter-

ventions.

Cost-effectiveness analysis was one
technique used in the most comprehen-
sive economic evaluation of neonatal in-

tensive care which was based on patients

receiving intensive care in Hamilton-
Wentworth County, Ontario, between
1973 and 1977.95 In addition to measuring

all of the costs flowing from neonatal in-

tensive care, such as health care and spe-

cial services received by survivors after dis-

charge, the study attempted to measure
the condition of survivors based on physi-

cal function, role function, social and
emotional function, and health problems.

These outcome data were used to adjust

life years gained by NICU survivors by a

factor that takes into account the quality

of life for those who survived with disabili-

ties. The resulting units are called quality-

adjusted life-years (QALYs). For infants

weighing from 1,000 to 1,499 grams (be-

tween 2 pounds, 3 ounces and 3 pounds,

5 ounces), the cost (in 1978 Canadian

dollars) was $59,500 per additional survi-

vor, $2,900 per life-year gained, and $3,200

per QALY gained. For infants weighing

from 500 to 999 grams (between 1 pound,

2 ounces and 2 pounds, 3 ounces), the

costs were $102,500 per additional survi-

vor, $9,300 per life-year gained, and
$22,400 per QALY gained.

These cost-effectiveness ratios have lit-

tle intrinsic meaning by themselves but

can be compared with ratios for other ma-
jor health interventions. Figure 3 shows

the cost per QALY, adjusted to 1986 U.S.

dollars, for neonatal intensive care in the

two birth weight groups and for other se-

lected health care interventions.96 Several

interventions—including coronary bypass

surgery for single-vessel disease, school tu-

berculin testing, continuous ambulatory

peritoneal dialysis, hospital hemodialysis,

and liver transplantation—all have higher

estimated costs per QALY gained than

neonatal intensive care for infants weigh-

ing from 500 to 999 grams (between 1

pound, 2 ounces and 2 pounds, 3 ounces)

.

For example, a liver transplant costs

$250,000 for each QALY gained while

NICU care for a moderately low birth

weight infant costs less than $10,000 for

each QALY.

The Office of Technology Assessment,

in its 1987 evaluation of neonatal intensive

care, concluded: "Neonatal intensive care

results in both increased survival and in-

creased costs. Moreover, neonatal inten-

sive care becomes more expensive as it is

employed in increasingly marginal cases.

The worth of a life saved, however, is ulti-

mately a value judgment involving ethical

and social considerations. The results

from cost-effectiveness studies alone can-

not guide decisions regarding who should

receive care."21

These conclusions are still valid today.

In addition, advances in neonatal inten-

sive care have influenced both the costs

and the outcomes of this care. Since the

Canadian study was done, survival rates for

infants weighing less than 1,000 grams (2

pounds, 3 ounces) have increased. A re-

cent report from the province of Alberta,

Canada, suggests that the condition of

NICU survivors may also be improving.97

Policymakers must consider not only whether

neonatal intensive care is effective but also

whether it is worth the cost.

The introduction ofsurfactant therapy has

changed both outcomes and costs. 12 -13 It

is estimated that use of surfactant among
very low birth weight infants has resulted

in a 30% decrease in mortality and a simi-

lar decrease in use of hospital resources. 13

Several other investigators have concluded

that surfactant therapy is cost-effective, but

definitive analyses are still required. 13
>
98-

103 An economic evaluation of neonatal

intensive care based on patients treated in

the 1990s is urgently needed.
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Source: Detsky, A.S. Are clinical trials a cost-effective investment? Journal of the American Medical Association

(1989) 262:1795-1800.

Ultimately policymakers and society

will have to decide whether resources

should be allocated to neonatal intensive

care as opposed to other purposes. Joyce

and colleagues put this choice into per-

spective by comparing the cost-effective-

ness ofdifferent strategies to reduce infant

mortality. 104 They estimated that, if there

was a direct causal relationship between

prenatal care and infant mortality, it

would cost between $30 and $40 (1984

U.S. dollars) to save an additional life by

expanding the number ofwomen who re-

ceive prenatal care in the first trimester, as

opposed to $2,000 or $3,000 to save an

additional life by expanding the number

of low birth weight infants who receive

neonatal intensive care.

Unfortunately, there is growing evi-

dence that providing access to quality pre-

natal care alone is insufficient to reduce

low birth weight. (See the article by Alexan-

der and Korenbrot in this journal issue.)

Changing Physician
Behavior

The final step in the process of evaluating

and improving the effectiveness and effi-

ciency of neonatal intensive care involves

changing physicians' practices. Greco and

Eisenberg have recently reviewed the gen-

eral methods that can be used to alter the

practice behavior of physicians. 105 These

include (1) educational processes such as

continuing medical education and prac-

tice guidelines, (2) feedback of informa-

tion comparing individual physician

practices and patient outcomes with

benchmark standards, (3) continuous

quality improvement programs and other

efforts to engage physicians in change, (4)

administrative interventions, and (5) fi-

nancial incentives or penalties. In general,

whether an intervention is successful de-

pends on the particular circumstances in

which it is used; combinations of methods

appear to be the most effective.
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Neonatal networks have the potential

to influence practice patterns of neona-
tologists using several of these approaches.

Membership in a data base that produces

benchmarking reports, participation in

meetings, communication with other net-

work members, and the use of stand-

ardized research protocols supplies many
elements needed to change neonatolo-

gists' behavior.

Participation in multicenter random-
ized clinical trials may itself be an educa-

tional process capable of causing changes

in practice. Surfactant therapy for neona-

tal respiratory distress syndrome was rap-

idly adopted in nearly all neonatal inten-

sive care units in North America soon after

surfactants were commercially released in

1991. The strength of the experimental

evidence and advertising by commercial
sponsors were partly responsible for the

rapid acceptance of surfactant therapy.

The fact that hundreds of neonatal units

actually participated in the randomized
controlled trials conducted in the preced-

ing decade also played a role.

Information from neonatal network
data bases has the potential to influence

physician behavior and neonatal intensive

care practices. 106 -
107 The Vermont-Ox-

ford Trials Network currently provides

members with reports containing feed-

back on how local practices and outcomes
compare with those of the total network.

These reports are intended for use in con-

tinuous quality improvement programs.

The reports include data on risk-adjusted

mortality, length of hospital stay, and ad-

verse outcomes such as intraventricular

hemorrhage (bleeding in the brain),

chronic lung disease, necrotizing entero-

colitis (severe damage to the intestines),

nosocomial infection (infections acquired

in the hospital), and retinopathy of pre-

maturity (impaired vision or blindness). It

will be important to evaluate how these

reports are actually used by the members
of the network and to determine whether
such feedback leads to changes in physi-

cian behavior and improvements in the

quality of neonatal intensive care.

The Role of Parents in Evaluating

Neonatal Intensive Care

Parents and families must play a critical

role in evaluating neonatal intensive care.

Assessments of the benefits and costs of

neonatal intensive care should incorpo-

rate the views and experiences of a broad
range of families whose infants received

intensive care. A recent conference at-

tended by neonatologists and parents who
had personal experience with neonatal in-

tensive care developed a set of "Principles

for Family-Centered Neonatal Care,"

which will help parents and professionals

work together. 108 Two of these principles

focus directly on issues relating to the

evaluation of neonatal intensive care. One
principle urges that new treatments be
introduced only in the context of properly

controlled trials and states, "Experienced

parents should have a voice in determin-

ing the research agenda, in establishing

outcomes of interest, and in educating

other parents about the need for ethically

and scientifically sound research in neona-

tology." The other principle states, "Par-

"Parents and professionals must work

together to promote meaningful long-term

follow-upfor all high risk NICU
survivors.

"

ents and professionals must work together

to promote meaningful long-term follow-

up for all high risk NICU survivors."

Only a small percentage of infants re-

ceiving neonatal intensive care are cur-

rently enrolled in formal follow-up studies,

and there are many unanswered questions

about the quality of life, particularly for

extremely low birth weight survi-

vors. 109 -
110 Those follow-up data that are

available concentrate primarily on defin-

ing the incidence of neurologic deficits. A
more complete evaluation of societal and
familial costs and benefits is needed which
takes into account the experience and
opinions of parents and families and ex-

amines a broad range of health out-

comes. 111 An evaluation of this kind will

require collaboration between profession-

als and the parents and families whose
infants have been cared for in neonatal

intensive care units.

There is great interest in developing

simple report cards by which patients can
compare orjudge results of various thera-

pies. The New York State Department of

Health is a leader in this field. Since 1991,

it has supplied data to the public ranking

cardiac surgical services and individual

surgeons. 112 Other states have begun pub-

lishing similar data. This movement is

bound to spread to neonatology. Com-
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parative data will be of little value, how-
ever, unless they are carefully gathered

and reported by a neutral source in a for-

mat that parents can understand. Neona-
tal networks will be capable of compiling

the necessary data. Creative new ideas for

presenting information, such as the use of

interactive video disks, may help to explain

the information to parents.

Conclusion

Nearly 15 years ago, Sinclair and col-

leagues concluded that, although the effi-

cacy of specific neonatal intensive care

interventions had been demonstrated, the

overall effectiveness and efficiency of neo-

natal intensive care programs required

validation in randomized controlled tri-

als. 7 Such trials have not yet been done. It

is unlikely that they will be for several rea-

sons. First, there is widespread agreement
that neonatal intensive care saves lives.

Second, there is considerable disagree-

ment about what to include in a standard

package of neonatal intensive care given

the multitude of elements that make up
modern intensive care and the marked
variations in practice which currently exist.

Third, diagnostic and therapeutic tech-

nologies are changing so rapidly that any

package of services would quickly become
obsolete as new tests and treatments were

introduced. Although the randomized
controlled trial will remain the gold stand-

ard by which all new therapies must be

judged, a broader range ofmethods drawn
from clinical evaluation science will be

needed if the effectiveness of neonatal in-

tensive care as a whole is to be monitored

and continuously improved. The proper

question is no longer "Does neonatal in-

tensive care work?" but rather "How can

neonatal intensive care be made more ef-

fective and efficient?" Neonatal research

networks will play an important role in

finding the answers and applying them.
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Abstract

The birth of a high-risk infant is still a relatively rare, not totally predictable event;

and the management of high-risk newborns requires highly skilled personnel and
sophisticated technology. In the early days of neonatal intensive care, scarce re-

sources led to regionalized systems of neonatal and, later, perinatal services, gener-

ally based on voluntary agreements but sometimes reinforced by planning

legislation. At present, a vastly increased pool of skilled professionals and technical

resources is available in the context of a rapidly changing medical care system

characterized by intense competition, coalescence of services under large managed
care plans, and substantial cost pressures. The evidence suggests that, in many areas,

these forces have led to the dismantling of regional networks; however, the full

potential for these changes to hinder or facilitate access to neonatal intensive care

remains to be assessed.

The issue of access to special neonatal hospital care emerged only

in the twentieth century. Prior to the turn of the century, most

births occurred in the home setting, and the limited care reper-

toire for ill newborns could likewise be provided in that setting. Indeed,

it was only in the late 1800s that care of infants less than two years of age

was wrested from obstetricians and placed in the domain of pediatri-

cians. 1

In an era when at least 10% of all in-

fants died before their first birthday, the

fate ofan infant born smaller than average

was considered particularly grim and be-

yond the scope of most medical care. At-

tempts to improve the outcomes of small

babies by providing nutrition and warmth
were slow in evolving. Not all such efforts

were restricted to medical settings, and
popularization of the special care for small

newborns was accomplished through ex-

hibits at world's fairs and other such cur-

rently unlikely settings.2

In the first half of this century, the

place of delivery shifted from home to

hospital with the growing realization that

hospital deliveries could reduce the toll of

the complications of birth for women.
However, birth in a hospital still offered

little survival advantage to the low birth

weight infant because not much could be

done to manage the respiratory distress or

hyaline membrane disease that reflected

pulmonary immaturity. Despite this lack

of success, transport services were organ-

ized in some cities, notably Chicago, to

bring sick neonates born at home into the

hospital for care. 2

After World War II, many of the envi-

ronmental causes of infant mortality past

the first month of life had been controlled

or reduced by sanitation, immunizations,
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and antibiotics. Deaths in the neonatal

period began to dominate the rates of

infant mortality with low birth weight in-

fants accounting for the majority of these

neonatal deaths. 3 Thus, the problems of

the low birth weight newborn received re-

newed attention. Until the late 1960s, how-

ever, the track record of infant special care

units in improving infant outcomes was

undistinguished.

Uncritical implementation of inter-

ventions poorly grounded in science led

to practices that are now seen as useless

and silly at best and, in some instances,

extremely harmful.4 Not only were individ-

ual interventions of limited utility, the

whole enterprise of special infant care was

questionable as neonatal mortality rates

remained unchanged for more than 15

years. 3

In the late 1960s, however, basic scien-

tific inquiry into the problems of the new-

born began to bear fruit in empirically

grounded and efficacious interventions.

In particular, critical observations about

hyaline membrane disease, the major
cause of death among premature infants,

led to more effective strategies for manag-
ing respiratory problems. 5

While the capability to provide effec-

tive, exogenous surfactant, the missing

chemical, would come much later (see the

article by Horbar and Lucey in thisjournal

issue), basic scientific discoveries led to

more efficacious mechanical ventilation

techniques. 6 To underscore the recent-

ness of this success, it should be realized

that President Kennedy's son died of hya-

line membrane disease in 1963, and the

first report of this technique was not pub-

lished until 1971.6

With the advent ofmore effective man-
agement of neonatal problems in the

1970s, the issue of assuring prompt access

to infant care units emerged. At this time,

access was severely limited by the small

number of centers offering specialized

newborn services, the few trained special-

ists, and the related complexity of care.

The solution appeared to be regionwide

organization of referrals to the small num-
ber of available centers.

Regionalization

The concept of the regionalization of

health services is not new. The first articu-

lation of this concept in English was pre-

sented to the British Parliament in 1920 in

the Report of the Consultative Council on
Medical and Allied Services, generally re-

ferred to as the Dawson Report. Regionali-

zation was considered to include an

organized and integrated hierarchical ar-

ray of medical services, both preventive

and curative. At the base was primary care,

consisting of those services most fre-

quently used for common and/or simple

health problems. Uncommon or more
complex problems were referred to secon-

dary or consultative care, and ultimately to

tertiary, usually university-based services.
17

Explicit in this model was a balance be-

tween ready access to care and the efficient

deployment of resources at a population

level. 7 During the World War II era in the

United States, several states and other ju-

risdictions experimented with regional

plans. 7 The first attempt to incorporate

regional planning nationally occurred in

the Hill-Burton Act (Public Law 79-725) in

1946 for hospital construction, and the

Heart Disease, Cancer and Stroke Amend-
ments of 1965 (Public Law 89-239) which

authorized grants to establish Regional

Medical Programs (RMPs) to facilitate ac-

cess to diagnostic and therapeutic ad-

vances in the specified conditions. The
voluntary nature of the arrangements, the

lack of a clear mission, and the categorical

nature of the planning effort limited their

success. 8-10

Subsequent planning legislation—the

Comprehensive Health Planning and Pub-

lic Health Service Amendments of 1966

and the National Health Planning and Re-

sources Development Act of 1974—did

not emphasize regionalization as the

model of organization. 8 - 10 However, they

did encourage assessment of health serv-

ices needs at the state and regional levels
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and the development of plans for increas-

ing access to care. Further, some of the

regulatory authority for approving major
capital expenditures could be used to cur-

tail unneeded expansion of expensive

forms of health care such as duplicative

intensive care facilities. In some areas,

health professionals forged effective alli-

In some areas, health professionals

forged effective alliances with planning

efforts tofoster regionalized neonatal

care plans.

ances with planning efforts to foster re-

gionalized neonatal care plans. 11 How-
ever, the general flaws built into planning

legislation precluded universal effective-

ness. 12 In the wake of the failure of na-

tional planning efforts, alternative ap-

proaches emerged to the organization of

health services generally. 13

Regionalization and NICU Care

In the absence ofstrong national planning

for all health services, increasing access to

neonatal care relied on voluntary efforts

led by health professionals, who noted the

experience of a few major centers, and on
a more general perception that neonatal

care was becoming beneficial. In 1973,

Schlesinger cited the improved survival

documented in certain centers and recom-

mended the models in Wisconsin, the

Province of Quebec, and Arizona for mov-
ing sick neonates to special care. 14 The
specific rationale for such organizations

was the dearth of physicians and nurses

skilled in the new techniques and other

support services as delineated carefully by

Dwyer15 and endorsed by the American
Medical Association House of Delegates. 11

The major elements of such regional

programs included the structure and func-

tion of neonatal intensive care units (NI-

CUs), the formalization of arrangements

with referring obstetric units, and trans-

portation systems for sick neonates. 11 - 14 -15

In this early view, regionalization essen-

tially involved interhospital transfer of in-

fants from community hospitals to the

medical center and some reverse outreach

educational services to the community
hospitals on stabilization of the acutely ill

newborn. In some instances, health pro-

fessionals were able to use federal plan-

ning legislation to activate these regionali-

zation efforts; 11 in other instances, more
informal arrangements among groups of

hospitals occurred.

The regionalization of neonatal care

represented only a small segment of re-

gionalized services as envisioned by the

Dawson model and, moreover, provided

little threat to existing care arrangements.

The mother remained in the care of her

obstetrician. The newborn usually had no
primary pediatrician. The limited number
of highly trained NICU physicians and
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nurses precluded rapid increase in NICUs
at the community level. Even among in-

sured couples, coverage for expensive care

for sick newborns might not be adequate,

and thus, the transfer of such care pro-

vided little financial threat to the referring

hospitals.

Evidence of the effectiveness of such

regional models of neonatal intensive care

is sparse. Arguments for its importance

rest largely on decreases in neonatal mor-
tality rates after the introduction of NICU
care in geographically defined regions

where itwas not previously available 14 -
16 '17

and improvements in survival for infants

with hyaline membrane disease among
those managed through a formal referral

system as compared with those managed
through other arrangements. 18

Regionalization and Perinatal Care

Evidence also accumulated that outcomes
could be improved further by earlier iden-

tification of high-risk pregnancies and re-

ferral to tertiary perinatal centers before

delivery. For example, very low birth

weight infants born in hospitals with NI-

CUs did better than those not born in such

centers, 19-21 even accounting for the avail-

ability of neonatal transfer.22 Additional

evidence was seen in the more favorable

outcomes of infants whose mothers were

transported to perinatal centers before de-

livery compared with infants transported

after birth.2^
In response, the notion ofregionalized

care was expanded to include the prenatal

period. Such regional systems would ad-

dress the needs of all pregnant women in

a population through systematic risk as-

sessment and referral to the appropriate

consultants when problems emerged.
These systems would also assure commu-
nity providers ready access to consultation,

special laboratory facilities, and ongoing

education. The intent was to improve per-

inatal care at all levels for a defined region

based on the experience of several pro-

grams. 26-28 The evolving concept of peri-

natal regionalization thereby broadened
to include a large array of services (see

Table 1) with a fully integrated system of

consultation, referral, and transport, as ad-

vocated in several commentaries and edi-

torials, 1127 '29 and codified by a committee

of the major pediatric, obstetric, and nurs-

ing organizations in a March of Dimes-
sponsored publication entitled Toward Im-

proving the Outcome of Pregnancy?® This

manifesto specified in detail the services

Table 1

Characteristics of Regionalized Perinatal Systems

Characteristic Related Endnote
Numbers*

Neonatal care

Infant transport

Telephone hot lines

Outreach education

Regionalized follow-up

Convalescent Pack-transfer

26, 82, 83

84

85,86

87,88

45, 46, 47

Maternal care

Consolidation of maternity services

Uniform risk screening

Antepartum consultation and referral

Maternal transport

28

89,90

92

23, 24, 25, 92

Regional administration

Designation of levels of care

Standardization of medical records

Regional bed planning

Regional statistical reporting

Regional quality assurance

11, 15,30,52

93

14,28.30,54,55

37,38

29, 76, 77

"See the related endnote numbers at the end of this article for complete citations.

required for level 1, 2, or 3 perinatal care

as well as guidelines for delivery volume
and/or geographic necessity for each level

of care.

In contrast to the relatively sparse data

on neonatal systems, more substantial evi-

dence on the effectiveness of these com-

prehensive perinatal systems is available.

To assess the effect of regionalization on
previously less-well-organized areas, the

Robert Wood Johnson Foundation con-

ducted an eight-site, five-year demonstra-

tion program. The evaluation of that

program revealed that regionalization oc-

curred and that the rapidity of regionali-

zation was closely correlated with the rate

of decline in neonatal mortality, as meas-

ured by the proportion of low and very low

birth weight infants born in tertiary cen-

ters. The sharp decreases in neonatal mor-

tality were not offset by increases in infant
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morbidity. Unfortunately, the national

movement toward regionalization had be-

come so widespread that a specific effect

of the demonstration program could not

be detected when compared with the pro-

gress in similar control regions not funded
by the foundation.31 Another Robert
Wood Johnson Foundation program,
aimed at improving care in 10 rural sites

by fostering improved linkages with terti-

ary centers, also resulted in improved neo-

Regionalization occurred, reinforced by

the general impetus to central planning

and scarcity of resources.

natal outcomes.32 In addition, reports ac-

cumulated on the success of individual

programs and on specific aspects of re-

gionalized programs. 33-39

While clearly improving infant out-

comes, the regional coordination of serv-

ices and transfer of patients was not with-

out adverse effects. These included:

initial separation of the newborn from
its family and the resulting anxiety and, in

some instances, grief experienced by one
or both parents,40 '

41

prolonged neonatal hospital stays and
the financial and emotional costs associ-

ated with frequent visiting,42

disruption of established patient-physi-

cian relationships,43

loss of local medical services,44

disruption of continuity of care and par-

ent-provider relationships through retro-

transport to community hospitals to

alleviate NICU crowding45 even though
this is a cost-effective strategy for convales-

cent care.46 -47

Despite these disadvantages, regionali-

zation occurred, reinforced by the general

impetus to central planning and scarcity

of resources. Other reinforcements in-

cluded more reliable funding through

both public and private payers48 and, per-

haps, the malpractice crises which made
practitioners more cautious in the man-
agement of high-risk obstetric patients.49

The Current Era

In the early 1980s, changes in the availabil-

ity of resources and cost containment

strategies began to place stresses on re-

gional programs. The current status is

summarized in the following section.

Although state planning agencies and
health departments could provide rein-

forcement to regionalization through
funding and certification of need authori-

zation, regional perinatal care could best

be described as voluntary associations

among hospitals and providers. In the

1970s these voluntary associations were re-

inforced by the impetus toward central-

ized planning noted above, the scarcity of

skilled perinatal and neonatal personnel,

the complexity and expense of well-

equipped units, more reliable funding
through public and private payers, and
perhaps also the malpractice crisis. Begin-

ning in the early 1980s, even as the evi-

dence of effectiveness began to accumu-
late, other forces placed stress on regional

programs.

Expansion of Perinatal and Neonatal
Intensive Care

During the 1970s and 1980s, both the

number of specialized physicians, or neo-

natologists, and the number ofNICUs and
NICU beds increased dramatically. This

change in availability of NICU care has

received little empirical examination, in

part because of the difficulty of tracking

the information. This dearth of informa-

tion is soon to be remedied with a directory

of neonatologists prepared under the

sponsorship of the Section on Perinatal

Pediatrics of the American Academy of

Pediatrics and expected to be available in

the spring of 1995.50

While data are still being accumulated,

preliminary information reveals that, over-

all, about 3,000 neonatologists are active

in the United States, or about 7.4 per

10,000 live births. In 1994, about 500 hos-

pitals reported having a NICU for a total

of about 1 2,000 NICU beds, or 3 per 1 ,000

live births.50 The number of neonatolo-

gists per 10,000 live births is at least twice

that of several other industrialized coun-

tries51 and exceeds the upper bound esti-

mate calculated by the American Academy
of Pediatrics in 1985 of 5 per 10,000 live

births.52 However, the rate of very low

weight births has been increasing, and the

birth weight at which survival is now more
routine is decreasing. These trends indi-

cate that the need for neonatologists may
exceed 1985 estimates. To what extent the

current status represents an excess needs

to be examined further.



Access to Neonatal Intensive Care

The availability of NICU beds is also

difficult to assess. The reported number of

about 3 per 1,000 live births exceeds the

estimated need ofone NICU bed per 1 ,000

live births. However, it is within the overall

estimates of 5 to 6 total beds per 1,000 live

births, which includes intermediate or

convalescent beds. 53-55 While these pre-

liminary data are subject to some error and
the shift in care patterns may indicate

some increased need for resources over

prior estimates, NICU care is no longer a

scarce resource nationally, although ac-

cess to care may not be uniform for all

groups because of geographic factors and
some of the financing issues discussed be-

low.

Financing Neonatal Care

The growth ofNICUs has occurred during

an era when the financing of obstetric and
newborn services was itself in rapid flux.

Financing has become a dominant factor

in determining both availability and access

because of the exceedingly high cost of

neonatal intensive care and the impact of

inadequate reimbursement on regional

neonatal services.

Private Insurance

Early studies of NICU care56 indicated in-

complete private insurance coverage with

a large pool ofuncompensated care. More
recent data reveal that, even for privately

insured patients, most plans do not begin

to cover the full costs of maternity care,

and manywomen are uninsured. For those

eligible, services may be covered by Medi-

caid, but reimbursement is often at consid-

erably lower rates than are typical of

private insurance.48 Thus, a substantial

portion ofNICU care remains uncompen-
sated, and the costs of this care are shifted

to other payers.48 -
57 Strong evidence indi-

cates that uninsured newborns receive less

care than those privately insured or on
Medicaid, even when the numbers are ad-

justed for illness severity. 58

Absent national health care reform,

the current changes in private insurance

coverage suggest that the problems of fi-

nancing neonatal intensive care are likely

to grow worse. Employed young couples

are most likely to lack employer-based in-

surance because they have entry level jobs

or work in small businesses. Even if the

employed parent is covered, dependency
coverage is decreasing. The result is that

private insurance coverage for children

has declined substantially.59 What cover-

age does exist may be exhausted by the

catastrophic costs of NICU admission, as

such care has been demonstrated to ac-

count for a substantial number of all epi-

sodes of catastrophic illness. 60 '61

Public Financing

Some portion of this financial burden may
be offset by recent major expansions of

public financing of perinatal care. First,

the high cost of neonatal intensive care

can result in rapid spend-down to medi-

cally needy status for Medicaid coverage,

even for the insured population. Second,

many states have expanded medical assis-

tance coverage of pregnant women as a

means ofensuring adequate prenatal care,

and this coverage is automatically ex-

tended to their newborns. 62 Likewise, re-

cent changes in criteria for supplemental

Social Security may provide support

—

both income and access to Medicaid—for

children deemed disabled.63

Publicly financed health care is a frag-

ile and vulnerable source of support, how-

ever. Eligibility requirements are based on
income and vary by state. With the recent

downturn in the economy, many states

face severe economic constraints in pro-

viding for Medicaid patients. While the

majority of Medicaid dollars go to support

nursing home care for the elderly, few

politicians are willing to face such a pow-

erful lobby. Thus, attempts to reduce

Medicaid costs focus on the smaller frac-

The current changes in private

insurance coverage suggest that the

problems offinancing neonatal intensive

care are likely to grow worse.

tion going to poor women and children.

Because neonatal intensive care repre-

sents a significant portion of hospital care

for children, it has become a target for

reducing Medicaid costs, as indicated by

the recent Oregon waiver proposal that set

birth weight limits for initiating intensive

care.

Prospective Payment Systems

The shift to case-based reimbursement un-

der Medicare does not directly affect new-

borns. However, the adoption of

diagnosis-related groups (DRGs) by Medi-

cal Assistance (Medicaid) in several states

has produced serious problems because

the original neonatal DRGs were seriously
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Table 2

Effects of Managed Care on Regionalization

Advantages Disadvantages

Centralizaion/consolidation of obstetrics and pediatrics

Coordination of pediatric care

Concentration of research ana education

Cost efficiencies

Standardization of practice

Promotion of convalescent transfers

Reduced length of stay

Efficient use of subspecialty services

Potential overbuilding of perinatal facilities

Reairection of referral patterns

Inconvenience/restrictea access

Cost shifting

Avoid regional leaaership costs (outreach/transport)

Avoid regional training costs (MDs, NNPs)

Exclusion from infant follow-up

Inhibition of convalescent transfers

Restrictions on aata availability

flawed.64-6' Specifically, the original

DRGs reflected only the experience of

community-based hospitals and the lim-

ited data available in the small sample of

hospitals used to derive the DRGs.

There are several problems related to

the use ofDRGs as the basis for reimburse-

ment ofNICU care. First, these DRGs per-

formed poorly in explaining resource use

because they lacked birth weight, a key

predictor of cost. Second, for highly re-

gionalized care such as NICUs, all outliers

were concentrated in a few centers. A third

serious flaw was the disincentive for back-

transfer. While DRGs were adopted in only

a few states, the threat of their use by other

states and by private insurers sparked great

The extent to which managed care plans

do reduce costs, and the implications of

more active management of clinical care

remain open to question.

concern among regional centers. This

concern prompted the National Associa-

tion of Children's Hospitals and Related

Institutions (NACHRI) to develop pediat-

ric modified DRGs in which the original

seven DRGs were expanded to 46 catego-

ries, determined by birth weight and need

for surgery and/or mechanical ventila-

tion. 68 Although the modified DRGs are

an enormous improvement, they have not

been broadly adopted by payers. Thus, the

impact of case-based reimbursement in its

more refined form remains to be deter-

mined. Other pressures on the arrange-

ments of perinatal services come from the

massive changes in organization that are

being seen generally in health care. In

particular, these changes involve rapid

emergence of managed care and intense

competition among providers to secure

plan contracts.

Organization of Services

Managed Care

Managed care plans have expanded from

the more traditional health maintenance

organization (HMO) to include a broader

array of service and financial arrange-

ments. Significant elements of managed
care plans include arrangements with se-

lected care providers, utilization review,

and strong financial incentives for mem-
bers to use selected providers and to follow

designated procedures.69 The major strat-

egy to reduce costs is a reduction in hospi-

tal admissions, as well as more prudent

purchasing of lower cost or discounted

services. The extent to which such plans do
reduce costs, the implications of more ac-

tive management of clinical care, and the

relative advantages of various models re-

main open to question. 70

Neonatal intensive care admissions are

virtually all emergent so it may be difficult

to reduce them. Where managed care may
influence access to NICU services is its

ability to channel obstetric and newborn
patients to specific facilities and providers

and, thereby, to have a major effect on



Access to Neonatal Intensive Care

Table 3

Effects of Competition on Regionalization

Advantages Disadvantages

Responsiveness to community providers

Improved outreach

More responsive transport teams

Shorter travel time for patients

Hospital support for NICU mission

Staffing

Equipment

Redundant facilities—increased costs

Smaller NICUs—inefficiencies of size

Limited subspecialty backup (surgical, genetics,

etc.)

Dispersion of high-risk patients

Limits trials of new technologies

Reduces training opportunities

Fragments neonatal follow-up

Hinders statistical reporting

Impairs quality assurance efforts

Financial stress on perinatal center

"Cream skimming" by peripheral hospitals

Rising overhead to maintain transport/outreach

reinforcing or weakening regionalized

care (see Table 2).

A major concern is that managed care

organizations will direct all obstetric care

into lower level hospitals because of their

significantly lower operating cost, despite

the strong evidence of better outcomes in

higher level facilities. The increasing mar-

ket penetration by managed care in many
regions indicates that this will be an im-

portant factor in coming decades.

Competition

In view of the changes described above,

both insurance plans and providers are

now competing heavily for patients. Com-
petition is particularly keen for obstetric

patients because hospitals recognize that

women make most of the medical care

decisions and that a positive birth experi-

ence may ensure family loyalty to a particu-

lar institution. While competition may
drive individual hospitals to upgrade their

services, it has also spurred the rapid pro-

liferation of NICUs, particularly for subur-

ban areas where competition for

well-insured patients is strongest. These
NICUs are established to provide a sense

of security in the availability of intensive

care if needed but are often small and,

therefore, inherently inefficient, although

they may operate profitably by attracting a

profitable case mix of insured patients.

The loss of these patients has further

eroded the financial viability of regional

centers5 ^ and has begun to redefine them
as level 4, or "quartenary," centers, receiv-

ing a declining number of only the small-

est infants or those with complex
multispecialty needs. This reduced and
very expensive population base cannot

support the overhead costs of sustaining

regional organization including outreach

education, consultation, transport, and in-

fant follow-up. The competition among
hospitals has also curtailed the cooperative

arrangements underlying regional peri-

natal organizations. Furthermore, the dis-

persion of patients into many small NICUs
will significantly hinder research, medical

education, and outcomes evaluation (see

Table 3). While competition has also

tended to sustain inefficient small obstet-

ric services in suburban markets to draw

the loyalty ofwomen clients, in both inner

cities and rural areas, competition may
lead to closure of community obstetric

services, thereby reducing access to prena-

tal care.

Deregionalization

The aggregate effect of these changes in

manpower, facilities, technology diffu-

sion, financing, competition, and health

care organization has been a cessation or

even reversal of the general trend toward

regionalization. This deregionalization
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has been noted in several studies. The
National Perinatal Information Center
studied six regions using in-depth inter-

views with hospital executives, neonatolo-

gists, and obstetricians. While there was
great variation from region to region, most
agreed there was a general deterioration

in perinatal regionalization, that competi-

tion had replaced cooperation, and that

traditional levels of care were blurring as

all facilities escalated the level of care pro-

vided. These trends also occurred in many
community hospitals where the volume of

patients was inadequate to maintain pro-

fessional skills or provide a cost-effective

revenue base. 71 Another study of the Hart-

ford region identified similar concerns,

centered on the balance between compe-
tition and cooperation. It noted the poten-

tial for dispersing the NICU population

into smaller competing NICUs versus a

single unresponsive monopoly on region-

alized services. 72 Similar concerns have

been voiced by others who have called for

negotiated cooperation agreements in

place of traditional regionalization

schemes. 73 Interestingly, deregionaliza-

tion following National Health Service re-

forms in the United Kingdom has also

Regionalized perinatal care is also

inherently cost effective, utilizing

graded levels of care according to need.

produced adverse effects on perinatal

care. 74 These issues provoked the Commit-
tee on Perinatal Health to reconvene to

formulate an agenda for regionalization in

the 1990s and beyond. 75 They recom-
mended improvements in health educa-

tion, prenatal care, system organization,

access to inpatient and specialty services,

documentation and evaluation, and ade-

quate financing of perinatal care.

The reality of perinatal regionalization

is that market forces are forcing hospital

closures, consolidations, and mergers. Pa-

tients are increasingly channeled by payer-

provider negotiations rather than histori-

cal regional designations. However, the

long-term outcome may not be bad. Con-

solidated obstetric services are inherently

safer and more efficient. Regionalized per-

inatal care is also inherently cost effective,

utilizing graded levels of care according to

need. The development of highly inte-

grated vertical networks that eliminate re-

dundant services may actually strengthen

the regionalization of perinatal care. This

level of integration, however, may not be
achieved in many regions, and even where
it is, the transition may cause serious dis-

locations for perinatal care.

Conclusion and
Recommendations

The rapid proliferation of trained profes-

sionals and the diffusion of technology in

a context of major organizational change
and new financial pressures would appear
to signal the unraveling of early regional-

ized models of delivering care. Little em-
pirical evidence exists, however, to

estimate the effect of these changes. More-
over, changes in access to NICU care in

response to the various pressures noted
above are unlikely to be uniform and will

depend on demographics, geography,

malpractice experience, and state regula-

tory environments. Several courses of ac-

tion are recommended to assure access to

appropriate levels of neonatal care.

Access and Equity

The first of these recommendations is for

ongoing surveillance of access to NICU
care through vital statistics and other re-

cord systems. Abundant evidence indi-

cates that higher levels of care are

associated with better outcomes.21 '
31

-32 '75

Shifts in births to lower level hospitals for

cost reasons may have a significant impact

on overall outcomes. Competition will

close not only inefficient services but also

poorly reimbursed ones. Hospitals caring

for poor and underinsured populations

will be stressed regardless of quality or

efficiency. To the extent efficiency is also

achieved through consolidation ofexisting

facilities, the burden of seeking alternative

services may be carried disproportionately by

disadvantaged and/or rural communities.

Thus, relevant public health and profes-

sional organizations should be routinely

assessing births and birth-weight-adjusted

mortality by hospital of delivery for the

newborn population as a whole and for

high-risk subgroups.

Quality of Care

The second recommendation is for rapid

expansion in rigorous examination of the

quality of NICU care. Even among desig-

nated tertiary hospitals, there have been

instances where quality of NICU care has

been questioned, 76 -
77 and such quality dif-

ferences in the past have been more likely
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risk newborns, especially among the disad-

vantaged population.

Training

Finally, some equilibrium between the

needs of training programs and the need
for skilled neonatal professionals must be
achieved. This equilibrium will require al-

terations in the size, number, and staffing

The current changes in neonatal care

provide both exciting new opportunities

to maximize its utility and grave

challenges in assuring equity.

of teaching hospitals. In addition, it may
also require the provision of new training

experiences to assure the ongoing assess-

ment ofneonatal practices as noted above.

In the absence of significant reduc-

tions in prematurity rates, NICU care will

continue to be needed. Moreover, even

with reduced rates of prematurity, such

units are also cridcal to the well-being of

children with malformations and acute

complications of the newborn period. The
current changes in neonatal care provide

both exciting new opportunities to maxi-

mize its utility and grave challenges in as-

suring equity.

The authors would like to thank Dr. Dilip

Bhattfrom the American Academy ofPediatrics

who provided the data for I 994 on the ratio of

NICU beds, and Dr. Rachel Schwartz for her

help in identifying some of the issues related to

de-regionalization ofNICU care.

1 . Smith, C.A. The Children 's Hospital ofBoston: "Built better than lliey knew." Boston: Little, Brown,

1983.

2. Cone, T.E. The history of the care andfeeding of the premature infant. Boston: Little, Brown, 1985.

3. Shapiro, S., Schlesinger, E.C., and Nesbitt, R.E.L. Infant, perinatal, maternal and childhood

mortality in the United States. Cambridge, MA: Harvard University Press, 1968.

4. Silverman, W.A. Retrolentalfibroplasia: A modern parable. New York: Greene and Stratton, 1980.

5. Avery, M.E., and Mead, J. Surface properties in relation to atelectasis and hyaline membrane
disease. AmericanJournal ofDiseases of Children (1959) 97:517-23.

6. Gregory, G.A., Kitterman, J.A., Phibbs, R.H., et al. Treatment of idiopathic respiratory-distress

syndrome in continuous positive airway pressure. New EnglandJournal ofMedicine (1971)

284:1333-40.

7. Pearson, D.A. The concept of regionalized personal health services in the United States,

1920-1955. In The regionalization ofpersonal health services. E.W. Saward, ed. New York: Prodist,

1976, pp. 3-51.

to occur in areas serving largely minority

populations. 77 However, variations also oc-

cur in units where the level of practice is

assumed to be high, 78 -
79 suggesting that

some portion of the variation may reflect

practice patterns, as well as differences in

the population that is served. The prolif-

eration of small NICUs has raised addi-

tional questions about the extent to which
such small units will have sufficient num-
bers of patients to maintain the skills of

providers. 77-80

To preserve quality in this rapidly

changing health care environment, it is

necessary first to measure it. This seem-

ingly simple task has not yet been achieved

for perinatal care. It is vital to develop

comprehensive case mix adjustment
tools77 -81 and to pursue comparative out-

comes research. 78 -
79 Incorporated into

these quality assessments must be explicit

recognition of costs. The third-party pay-

ers will demand quality at the lowest price.

Adequate Reimbursement

Perinatal and neonatal sendees remain un-

derfinanced even among populations with

insurance. In the current competitive at-

mosphere, hospitals will be unable to sub-

sidize these sendees. Besides the support

of direct medical senices, however, ade-

quate support of other sendees formerly

provided in regionalized networks is nec-

essary (see Table 1). Particularly vulner-

able are consultation services, outreach

education, assessment ofoutcomes among
discharged children, development and
maintenance of information systems, and
suneillance and planning activities. Ade-

quate reimbursement must also reflect the

increased costs of caring for many high-



THE FUTURE OF CHILDREN - SPRING 1995

8. Yordy, KD. Regionalization of health services: Current legislative directions in the United
States. In The regionalization ofpersonal health services. E.W. Saward, ed. New York: Prodist,

1976, pp. 201-15.

9. Komaroff, A.L. Regional medical programs in search of a mission. New EnglandJournal of
Medicine (1971) 284:758-64.

10. Batistella, R.M. The course of regional health planning: Review and assessment of recent

federal legislation. Medical Care (1967) 5:149-61.

11. Butterfield, L.J. Organization of regional perinatal programs. Seminars in Perinatology (1977)

1:217-33.

12. Vladick, B.C. Interest-group representation and the HSAs: Health planning and political

theory. AmericanJournal ofPublic Health (1977) 67:23-29.

13. Roemer, R., Kramer, C, and Frink, J.E. Planning urban health services: Fromjungle to system. New
York: Springer, 1945.

14. Schlesinger, E.R. Neonatal intensive care: Planning for services and outcomes following care.

Journal ofPediatrics (1973) 82:916-20.

15. Dwyer, PR. The regional organization of special care for the neonate. Pediatric Clinics ofNorth

America (1970) 17:761-76.

16. Usher, R.H. Clinical implications of perinatal mortality statistics. Clinical Obstetrics and
Gynecology (1971) 14:885-25.

17. Horwood, S.P, Boyle, M.H., Torrance, G.W., and Sinclair, J.C. Mortality and morbidity of 500-

to 1499-gram birth weight infants live-born to residents of a defined geographic region

before and after neonatal intensive care. Pediatrics (1982) 69,5:613-20.

18. Vogt, J.F., Chan, L.S., Wu, P.Y.K, and Howes, W.E. Impact of a regional infant dispatch center

on neonatal mortality. AmericanJournal ofPublic Health (1981) 71:577-82.

19. Williams, R.L., and Howes, W.E. Cesarean secdon, fetal monitoring, and perinatal mortality in

California. AmericanJournal ofPublic Health (1979) 68:864-70.

20. Hein, H.A., and Brown, CJ. Neonatal mortality review: A basis for improving care. Pediatrics

(1981) 68:504-9.

21 . Paneth, N., Kiely, J.L., Wallenstein, S., et al. Newborn intensive care and neonatal mortality in

low-birth-weight infants: A population study. New EnglandJournal ofMedicine (1982)

307:149-55.

22. Paneth, N., Kiely, J. L., and Susser, M. Age at death used to assess the effect of interhospital

transfer of newborns. Pediatrics (1984) 73:854-61.

23. Harris, T.R., Isaman,
J., and Giles, H.R. Improved neonatal survival through maternal

transport. Obstetrics and Gynecology (1978) 52:294-300.

24. Modanlou, H.D., Dorchester, W., Freeman, R.K, and Rommal, C. Perinatal transport to a

regional perinatal center in a metropolitan area: Maternal versus neonatal transport.

American Journal of Obstetrics and Gynecology (1980) 138:1 157—64.

25. Levy, D.L., Noelke, K, and Goldsmith, J.P Maternal and infant transport program in

Louisiana. Obstetrics and Gynecology (1981) 57:500-504.

26. Gluck, L. Design of a perinatal center. Pediatric Clinics ofNorth America (1970) 17:777-91.

27. Merkatz, I.R., andJohnson, KG. Regionalization of perinatal care for the United States. Clinics

in Perinatology (1976) 3:271-76.

28. Ryan, G.M. Regional planning for maternal and perinatal health services. Seminars in

Perinatology (1977) 1:255-66.

29. Lucey.J.F. Why we should regionalize perinatal care. Pediatrics (1973) 52:488-91.

30. National Committee on Perinatal Health. Toward improving the outcome ofpregnancy. White

Plains, NY: National Foundation-March of Dimes, 1976.

31. McCormick, M.C., Shapiro, S., and Starfield, B.H. The regionalization of perinatal services:

Summary of the evaluation of a national demonstration program. Journal of the American

Medical Association (1985) 253:799-804.

32. Gortmaker, S.L., Clark, CJ.G, Graven, S.N., et al. Reducing infant mortality in rural America:

Evaluation of the Rural Infant Care Program. Health Services Research (1987) 22:91-1 16.

33. Hein, H.A., and Lathrop, S.S. The changing pattern of neonatal mortality in a regionalized

system of perinatal care. AmericanJournal ofDiseases of Children (1986) 140:989-93.



Access to Neonatal Intensive Care

34. Meuli, R.L., and Cohen, L.J. Regionalization of perinatal care. WesternJournal ofMedicine

(1984) 141:695-98.

35. Rosenblatt, R.M., Mayfield, J.A., Hart, G., and Baldwin, L.M. Outcomes of regionalized

perinatal care in Washington state. WesternJournal ofMedicine (1988) 149:98-102.

36. Siegel, E., Gettings, D., Campbell, S., and Gerild, P. A controlled evaluation of rural perinatal

care: Impact on mortality and morbidity. AmericanJournal ofPublic Health (1985) 75:246-53.

37. Powers, W.F., Hegwood, P.D., and Young, S.K Perinatal regionalization as measured by

antenatal referral. Obstetrics and Gynecology (1988) 71:375-79.

38. Gagnon, D.E., Allison-Cooke, S., and Schwartz, R.M. Evaluation of the states and effectiveness of

perinatal regionalization: Final report. (SCC: #90539, RFP: #601-712-90-1). Providence, RI:

National Perinatal Information Center, 1991.

39. South Carolina Regionalization Surveillance System. Report of the perinatal indicatorsfor

1983-1991. Vols. 1 and 2. Columbia: South Carolina Department of Health and
Environmental Control, December 1992.

40. Benfield, D.G., Leib, S.A., and Ruster,J. Grief response of parents after referral of the critically

ill newborn to a regional center. New EnglandJournal ofMedicine (1976) 294:975-78.

41. Klaus, M.H., and Kennell,J.H. Mothers separated from their newborn infants. Pediatric Clinics

ofNorth America (1970) 17:1015-37.

42. McLoughlin, A., Hillier, J.F., and Robinson, M.J. Parental costs of neonatal visidng. Archives of

Disease in Childhood (1993) 68:597-99.

43. Klein, M.C., and Papageorgiu, A.N. Can perinatal regionalization be reconciled with

family-centered care? Journal ofFamily Practice (1977) 5:969-74.

44. Donahue, C.L., Pettigrew, A.I.T., Young, K., and Ryan, G.M. The closure of maternity services

in Massachusetts: The causes, process and hospital impact. Obstetrics and Gynecology (1977)

50:280-84.

45. Jung, A.L., and Bose, C.L. Back transport of neonates: Improved efficiency of terdary nursery

utilization. Pediatrics (1983) 71:918.

46. Bose, C.L., LaPine, T.R., andJung, A.L. Neonatal back-transport: Cost-effectiveness. Medical

Care (1985) 23:14-19.

47. Phibbs, C.S., and Mortensen, L. Back transporting infants from neonatal intensive care units

to community hospitals for recovery care: Effect on total hospital charges. Pediatrics (1992)

90:22-26.

48. Gold, R.B., Kenney, A.M., and Singh, S. Blessed events and the bottom line: Financing maternity care

in the United States. New York: Alan Guttmacher Institute, 1987.

49. Rastow, V.P, Osterweis, M., and Bulger, R.J. Medical professional liability and the delivery of

obstetrical care. New EnglandJournal ofMedicine (1989) 321:1057-60.

50. Personal communication with the organizing committee for the 1995-1996 neonatologists

directory and D. Bhatt, December 1994.

51. Silverman, W.A. Is neonatal medicine in the United States out of step? Pediatrics (1993)

92:612-13.

52. American Academy of Pediatrics, Committee on Fetus and Newborn. Manpower needs in

neonatal pediatrics. Pediatrics (1985) 76:132-35.

53. American Academy of Pediatrics, Committee on Fetus and Newborn, Committee of the

Section on Perinatal Pediatrics. Estimates of need and recommendations for personnel in

neonatal pediatrics. Pediatrics (1980) 65:850-53.

54. American Academy of Pediatrics. Guidelinesforperinatal care. Evanston, IL: AAP, 1983.

55. Jung, A.L., and Streeter, N.S. Total population estimate of newborn special care needs.

Pediatrics (1985) 75:993-96.

56. McCarthy, J.T., Koops, B.L., Honeyfield, PR., and Butterfield, L.J. Who pays the bill for

neonatal intensive care? Journal ofPediatrics (1979) 95:755-61.

57. Immershein, A.W., Turner, C, Wells,J.G, and Pearman, A. Covering the costs of care in

neonatal intensive care units. Pediatrics (1992) 89:56-61.

58. Braveman, P.A., Egerter, S., Bennett, T, and Showstack, J. Differences in hospital resource

allocation among sick newborns according to insurance coverage. Journal of llie American

Medical Association (1991) 266:3300-3308.

59. Cunningham, P.J., and Monheit, A.C. Insuring the children: A decade of change. Health Affairs

(1990) 9,4:76-90.



THE FUTURE OF CHILDREN - SPRING 1995

60. Schroeder, S.A., Showstack, J.A., and Roberts, H.E. Frequency and clinical description of

high-cost patients in 17 acute-care hospitals. New EnglandJournal ofMedicine (1979)
300:1306-9.

61 . Zook, C.J., and Moore, F.D. High-cost users of medical care. New EnglandJournal ofMedicine

(1980) 302:996-1002.

62. Gold, R.B., Singh, S., and Frost, J. The Medicaid eligibility expansions for pregnant women:
Evaluating the strength of state implementation efforts. Family Planning Perspectives (1993)
25:196-207.

63. Perrin, J.M., and Stein, R.E.K. Reinterpreting disability: Changes in supplemental security

income for children. Pediatrics (1991) 88:1047-51.

64. Lagoe, R.J., Milliren, J.W., and Baader, M.J. Impact of selected diagnosis-related groups on
regional neonatal care. Pediatrics (1986) 77:627-32.

65. Resnick, M.B., Ariet, M., Carter, R.L., et al. Prospective pricing system for tertiary neonatal

intensive care. Pediatrics (1986) 78,5:820-28.

66. Phibbs, C.S., Phibbs, R.H., Pomerance,
J.J., and Williams, R.L. Alternative to diagnosis-related

groups for newborn intensive care. Pediatrics (1986) 78,5:829-36.

67. Poland, R.L., Bollinger, R.O., Bedard, M.P, and Cohn, S.N. Analysis of the effects of applying

federal diagnosis-related grouping (DRG) guidelines to a population of high-risk newborn
infants. Pediatrics (1985) 76:104-9.

68. Lichtig, L.K., Knauf, R.A., and Barteletti, A. Revising diagnosis-related groups for neonates.

Pediatrics (1989) 84:49-61.

69. Hoy, E.W., Curtis, R.E., and Rice, T. Change and growth in managed care. Health Affairs

(1991) 10,4:18-36.

70. Miller, R.H., and Luft, H.S. Diversity and transition in health insurance plans. Health Affairs

(1991) 10,4:37-47.

71. Cooke, S.A., Schwartz, R.M., and Gagnon, D.E. The perinatal partnership: An approach to

organizing care in the 1990s. Project #12129. Providence, RI: National Perinatal Information

Center, 1988.

72. Richardson, D.K., Reed, K, Cutler, J.C., et al. Perinatal regionalization versus hospital

competition: The Hartford example. Pediatrics (1995) in press.

73. Kanto, Jr., W.P Regionalization revisited. Editorial. AmericanJournal ofDiseases of Children

(1987) 141:403-4.

74. Pope, C, and Wild, D. Putting the clock back 30 years: Neonatal care since the 1991 NHS
reforms. Archives ofDiseases in Childhood (1992) 67:879-81.

75. National Committee on Perinatal Health. Toward improving the outcome ofpregnancy: The 90s and

beyond. White Plains, NY: March of Dimes Birth Defects Foundation, 1993.

76. Greenland, S., Watson, E., and Neutra, R.R. The case-control method in medical care

evaluation. Medical Care (1981) :872-88.

77. International Neonatal Network. The CRIB (clinical risk index for babies) score: A tool for

assessing initial neonatal risk and comparing performance of neonatal intensive care units.

Lancet (1993) 342:193-98.

78. Investigators of the Vermont-Oxford Trials Network Database Project. The Vermont-Oxford

Trials Network: Very low birth weight outcomes for 1990. Pediatrics (1993) 91:540-45.

79. Hack, M., Horbar, J.D., Malloy, M.H., et al. Very low birthweight outcomes of the NICHD
Neonatal Network. Pediatrics (1991) 87:587-97.

80. Farley, D.E., and Ozminkowski, R.J. Volume-outcome relationships and in-hospital mortality:

The effect of changes in volume over time. Medical Care (1992) 30:77-94.

81. Richardson, D.K., Gray, J.E., McCormick, M.C., et al. Score for Neonatal Acute Physiology

(SNAP) : Validation of a new physiology-based severity of illness index. Pediatrics (1993)

91:617-23.

Sources for Tables 1-3:

82. Chance, G.W., Matthew, J.D., Gash, J., et al. Neonatal transport: A controlled study of skilled

assistance. Journal ofPediatrics (1978) 93:662-66.

83. Pettett, G., Merenstein, G.B., Battaglia, F.C., et al. An analysis of air transport results in the sick

newborn infant: Part I. The transport team. Pediatrics (1975) 55:774—82.

84. Perlstein, PH., Edwards, N.K., and Sutherland, J.M. Neonatal hotline telephone network.

Pediatrics (1979) 64:419-24.

85. Kattwinkel, J., Cook, L.J., Nowacek, G.A., et al. Improved perinatal knowledge and care in the

community hospital through a program of self-instruction. Pediatrics (1979) 64:451-58.



Access to Neonatal Intensive Care

86. Wirtschafter, D.D., Sumners,
J., Jackson, J.R., et al. Continuing medical education using

clinical algorithms. A controlled-trial assessment of effect on neonatal care. AmericanJournal

ofDiseases of Children (1986) 140:791-97.

87. Saigal, S., Szatmari, P., Rosenbaum, P., et al. Intellectual and functional status at school entry

of children who weighed 1000 grams or less at birth: A regional perspective of births in the

1980s. Journal of Pediatrics (1990) 116:409-16.

88. McCormick, M.C. Long-term follow-up of infants discharged from neonatal intensive care

units. Journal of the American Medical Association (1989) 261:1767-72.

89. Hobel, C.J., Yonkelis, L., and Forsythe, A. Prenatal and intrapartum high-risk screening II: Risk

factors reassessed. AmericanJournal of Obstetrics and Gynecology (1979) 135:1051-56.

90. Hobel, C.J., Hyvarinen, M.A., Okada, D.M., and Oh, W. Prenatal and intrapartum high-risk

screening: I. Prediction of the high-risk neonate. AmericanJournal of Obstetrics and Gynecology

(1973) 117:1-9.

91. Richardson, D.K., Gabbe, S.G., and Wind, Y. Decision analysis of high risk patient referral.

Obstetrics and Gynecology (1984) 63,4:496-501.

92. Miller, T.C., Densberger, M., and Krogman, J. Maternal transport and the perinatal

denominator. AmericanJournal of Obstetrics and Gynecology (1983) 147:19-24.

93. Jennet, R.J., Gall, D., Waterkotte, G.W., and Warford, H.S. A computerized perinatal data

system for a region. AmericanJournal of Obstetrics and Gynecology (1978) 131:157-63.



176

Long-Term
Developmental
Outcomes of Low
Birth Weight Infants
Maureen Hack
Nancy K. Klein

H. Gerry Taylor

Abstract

Maureen Hack, M.D.,

is professor ofpediatrics

and director oftheHigh

Risk Follow-Up Pro-

gram in the Department

of Pediatrics, School of

Medicine, Case West-

ern Reserve University.

NancyK Klein, Ph.D.,

is professor and associ-

atedean ofeducation in

the College of Educa-

tion, Dean's Office,

Cleveland State Uni-

versity.

H. Gerry Taylor, Ph.D.,

is associate professor of

pediatrics in theDepart-

ment of Pediatrics,

School of Medicine,

Case Western Reserve

University.

Advances in neonatal medicine have resulted in the increased survival of infants at

lower and lower birth weight. While these medical success stories highlight the power
of medical technology to save many of the tiniest infants at birth, serious questions

remain about how these infants will develop and whether they will have normal,

productive lives.

Low birth weight children can be born at term or before term and have varying

degrees of social and medical risk. Because low birth weight children are not a

homogeneous group, they have a broad spectrum of growth, health, and develop-

mental outcomes. While the vast majority of low birth weight children have normal
outcomes, as a group they generally have higher rates ofsubnormal growth, illnesses,

and neurodevelopmental problems. These problems increase as the child's birth

weight decreases. With the exception ofa small minority of low birth weight children

with mental retardation and/or cerebral palsy, the developmental sequelae for most
low birth weight infants include mild problems in cognition, attention, and neuro-

motor functioning. Long-term follow-up studies conducted on children born in the

1960s indicated that the adverse consequences of being born low birth weight were

still apparent in adolescence.

Adverse sociodemographic factors negatively affect developmental outcomes across

the continuum oflow birth weight and appear to have far greater effects on long-term

cognitive outcomes than most of the biological risk factors. In addition, the cognitive

defects associated with social or environmental risks become more pronounced as

the child ages. Enrichment programs for low birth weight children seem to be most
effective for the moderately low birth weight child who comes from a lower socio-

economic group.

Continued research and attempts to decrease the rate of low birth weight and
associated perinatal medical sequelae are of primary importance. Ongoing docu-

mentation of the long-term outcome of low birth weight children needs to be

mandated, as does the implementation of environmental enrichment programs to

help ameliorate the long-term consequences for infants who are born low birth

weight.
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Children born low birth weight constitute a heterogeneous group

including children born preterm (at fewer than 37 weeks of

gestation), as well as those born at term gestation but subnormal

in weight because of various abnormal maternal or fetal conditions (see

the article by Paneth in this journal issue) . An examination of the

long-term outcomes of low birth weight children therefore must include

consideration of whether the children were born preterm or at term

gestation and the conditions associated with the low birth weight.

This article will review the most recent been the focus of the majority of studies

findings with regard to early childhood

and school-age developmental outcomes
and health of low birth weight children.

First, we provide a historical perspective

on current outcomes by summarizing the

outcomes of low birth weight children

born prior to and after the introduction

of neonatal intensive care. Next, we review

the methodological issues related to evalu-

ating developmental outcomes of low

birth weight children, summarize the data

on the long-term outcomes, and discuss

some of the risk factors associated with

developmental outcome of low birth

weight children. Then, we summarize evi-

dence regarding the effectiveness of devel-

opment enrichment programs for low

birth weight children. Finally, we conclude

with recommendations for policymakers.

Historical Review of the
Outcomes of Low Birth

Weight Children

Developmental outcomes of low birth

weight children were the subject of con-

cern and review long before the introduc-

tion of neonatal intensive care methods. 1

Outcome studies of low birth weight

children born before the 1960s included

mainly infants with birth weights greater

than 1.5 kilograms because very few in-

fants born at lower birth weights survived

during this era. In the 1960s, as a result of

advances in neonatal intensive care, more
infants weighing less than 1,500 grams (3

pounds, 5 ounces) at birth survived. These

infants, termed very low birth weight, have

published during the past 20 years. 2 Fur-

ther increases in survival in the late 1970s

led to studies of infants with birth weights

of less than 1,000 grams (2 pounds, 3

ounces, termed extremely low birth weight)

and less than 750 grams (1 pound, 10

ounces) who survived.3

Very low birth weight infants are, with

few exceptions, all born preterm (at fewer

than 37 weeks of gestation); however,

many of these infants have also experi-

enced varying degrees of intrauterine

growth failure. Follow-up studies based on
gestational age rather than on birth weight

have rarely been performed, despite the

fact that the maturity of the infant at birth,

as measured by gestational age, is the ma-
jor predictor ofoutcome. 4This is primarily

due to the lack of accuracy in the assess-

ment of gestational age when the mother
has not received prenatal care. 5

Before the Introduction of

Neonatal Intensive Care

In general, low birth weight children born
before the introduction of neonatal inten-

sive care had more health and develop-

mental problems than children of normal
birth weight (see Box 1). Nevertheless, the

development of these low birth weight

children fell in the broad normal range,

with the exception ofvery low birth weight

children, who had a high rate of neurosen-

sory and developmental handicap.

In evaluating the long-term develop-

mental outcome of low birth weight in-

fants born prior to the neonatal intensive

care era, consideration needs to be given

to the higher rate of neonatal mortality at
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Box 1

Low Birth Weight Outcomes Before
Neonatal Intensive Care

High Mortality

Assisted ventilation not used

Very few infants born at less than 28 weeks of gestation and/or
with birth weights of less than 1 ,000 grams survived

Iatrogenic Complications Due to Various Therapies

Follow-Up Outcomes

Descriptive, lacked formal psychometric measures

High rate of cerebral palsy and developmental handicap

Lower intelligence when compared to normal birth weight

control groups

Higher rates of learning difficulties, neurological soft signs, and
hyperactive behavior, even in children with normal intelligence

Pessimism Concerning These Inferior Outcomes

that time. The survivors thus represented

a select population of relatively mature,

healthy infants. In 1940, Benton reviewed

the literature on the outcomes of low birth

weight children prior to this time. 1 Al-

though many of the earlier reports were

descriptive and lacked formal psychomet-

ric measures, he concluded that children

born preterm demonstrate developmen-
tal retardation and that the lower the birth

weight the greater the retardation. He fur-

Care oflow birth weight infants prior to

1940 was conservative with very little

intervention.

ther concluded that premature children

have higher rates of severe mental defect

and that even children considered normal
have "nervous traits" including poor sleep,

fatiguability, irritability, shyness, fearful-

ness, emotional outbursts, disturbances in

concentration and attention, and forget-

fulness.

Care of low birth weight infants prior

to 1940 was conservative with very little

intervention. Between 1940 and 1960, vari-

ous therapies were instituted, some of

which had devastating effects on later de-

velopmental outcomes. These included

withholding of early feeding, which led to

dehydration and hypoglycemia; liberal use

of oxygen, which resulted in retinopathy

of prematurity and blindness; antibiotic-

related deafness, which was caused by

streptomycin; and kernicterus (brain dam-
age due to severe jaundice), which was
closely related to the use of sulpha drugs.

Reviews published between 1940 and 1960

drew additional pessimistic conclusions

about the developmental outcome of low

birth weight children. 6

For example, Lubchenco in Denver re-

ported that, at 10 years of age, 44% of very

low birth weight children born between
1947 and 1950 had intelligence quotients

(IQs) under 70 (were developmentally im-

paired) , and 12% were blind. Only a third

of the children were free of handicap and
had IQs in the normal range (higher than

89). 7 Outcomes were especially poor for

very low birth weight children who were

affected by the iatrogenic effects of the

various care practices described above.

These children included mainly those

born at birth weights between 1,000 and
1,500 grams (2 pounds, 3 ounces and 3

pounds, 5 ounces) because, at that time,

very few children born weighing less than

1,000 grams survived.

During this pre-intensive-care era, the

outcomes for moderately low birth weight

children (those whose weights were be-

tween 1,500 and 2,499 grams) were much
better than the outcomes for very low birth

weight children; however, they were still

inferior to the outcomes for normal birth

weight children.

The National Collaborative Study of

births between 1959 and 1965 reported a

mean IQ at four years ofage of94 for white

children born weighing between 737 and

2,000 grams (from 1 pound, 10 ounces to

4 pounds, 7 ounces) compared with an IQ
of 101 for those with a birth weight be-

tween 2,000 and 2,500 grams (between 4

pounds, 7 ounces and 5 pounds, 8 ounces)

and 103 for those with a birth weight be-

tween 2,500 and 3,000 grams (between 5

pounds, 8 ounces and 6 pounds, 10

ounces). Corresponding IQs for black

children of the same age in these three

birth weight groups were 86, 89, and 91,

respectively. 8 Rates of minimal brain dys-

function in children of normal intelli-

gence—including learning difficulties, hy-

peractive behavior, and neurological soft

signs—were also significantly higher in the

low birth weight population.9



Long-Term Developmental Outcomes of Low Birth Weight Infants 179

After the Introduction of

Neonatal Intensive Care

Very low birth weight children constitute

only 1% of all births in the United States

and less than 15% of low birth weight

births; however, most of the studies con-

ducted after the introduction of neonatal

intensive care concentrated on this birth

weight subgroup. The majority ofpreterm,

moderately low birth weight infants do not

require intensive care and, with few excep-

tions, 10-12 have not been as well studied.

The subpopulation of low birth weight chil-

dren who were born at term but who were

undergrown, or were "small for gestational

age," however, has been selectively studied.

The improved survival ofvery low birth

weight infants following the introduction

of neonatal intensive care methods during

the 1960s was accompanied by a marked
decrease in the rates of cerebral palsy and
neurodevelopmental handicap.2

-
13 Vari-

ous innovations in obstetric practice and
neonatal intensive care, which prevented

brain damage, most likely account for the

reduced morbidity in this group of infants

(see Box 2). Changes in methods of prac-

tice included improved delivery room care

and resuscitation, assisted ventilation

when needed, umbilical artery catheter

placement to monitor oxygenation, intra-

venous fluid therapy, and exchange trans-

fusions to treat jaundice. Further techno-

logical and pharmacological improvements

introduced during the 1970s and 1980s in-

cluded fetal monitoring; more liberal use

of cesarean delivery; neonatal monitoring

of heart rate, respiration, and blood pres-

sure; intravenous nutrition; phototherapy

to treat jaundice; and drugs to treat apnea
ofprematurity and patent ductus arteriosus,

a heart condition.

Survival continued to improve during

the 1970s and the 1980s; however, with few

exceptions, rates of cerebral palsy and
neurodevelopmental handicap in early

childhood among very low birth weight

children remained essentially un-

changed.2 '
14-18 As a result of these trends,

there has been an increase not only in the

absolute number of surviving children

with normal development but also in the

number of children with handicapping

conditions. An increase in the prevalence

ofcerebral palsy has been especially appar-

ent and is largely attributable to the im-

proved survival of very low birth weight

children. Bhushan estimated that, as a re-

sult of the improved survival of low birth

weight infants in the United States be-

Box 2

Low Birth Weight Outcomes Following the

Introduction of Neonatal Intensive Care

Improved Survival Between 1960 and 1990

Decrease in Rates of Cerebral Palsy and Developmental
Handicap between 1960 and 1980

Since 1980

No further improvement in neurodevelopmental outcomes
despite continued improved survival

Most low birth weight children function within the normal range

When compared with normal birth weight children, low birth

weight children have higher rates of

Mental retardation

Cerebral palsy

Blindness, deafness

Psychomotor problems
School failure

Subnormal growth
Health problems

tween 1960 and 1986, for every additional

child with cerebral palsy, eleven normal
healthy children survived. 19

Surfactant therapy was introduced in

the late 1980s and has resulted in further

improvements in survival but without

The improved survival ofvery low birth weight

infantsfollowing the introduction ofneonatal

intensive care methods during the 1960s was

accompanied by a marked decrease in the rates of

cerebral palsy and neurodevelopmental handicap.

change in the developmental outcomes of

the survivors. 20 This will most likely result

in a further increase in the numbers of

both healthy and handicapped very low

birth weight children who have survived in

the late 1980s and early 1990s.

Studies of Developmental
Outcomes for Low Birth

Weight Children

Review of Methodology

Numerous reviews of reported outcomes
oflow birth weight children have criticized

the overall poor quality of studies in this



area and have suggested standards to be
observed when undertaking developmen-
tal follow up studies. 1

'
6 - 16 .

17 -21-23 Major
criticisms include inadequate sample size,

heterogeneity of populations, short dura-

tion of follow-up, lack of control popula-

tions, lack of uniformity in assessment of

outcome and definitions of handicap, and
questions with regard to the repre-

sentativeness of study samples and gener-

Although neonatal intensive care has,

to a large extent, been experimental

or exploratory, assessment of the

quality ofoutcomes has never been

mandated.

alization of results to other samples. Al-

though such criticism is valid, some of these

shortcomings have been unavoidable.

The constitution of some samples, for

example, has been determined by enroll-

ment in controlled clinical trials. 10 '
20 -24

Reports have also included descriptions of

longitudinal changes in outcome14
-
15

-
18

-
19

-
25

and cross-sectional observational stud-

ies 4
-
13

-
26The majority ofobservational stud-

ies published since the 1970s have been
attempts to monitor the outcomes associ-

ated with neonatal intensive care and to

examine specific risk factors.

The planning of such studies has been
problematic, partly because advances in

technology and new therapies have, with

few exceptions (for example, surfactant),

been introduced haphazardly and without

controlled trials. Thus, it is not surprising

that follow-up studies have reported a

patchwork of outcomes. 22

The progressive introduction of neo-

natal intensive care technology has saved

the lives of many infants. In most in-

stances, the cost of this care is covered by

state and private insurance plans. How-
ever, the costs of follow-up care and assess-

ment of outcome are not fully covered.

At best, medical insurance pays only

for a clinic visit but not to maintain staff

to track these families and ensure that

their infant will be available for long-term

follow-up. Some states have funded clini-

cal neonatal follow-up; however, the out-

comes of these efforts have rarely been
published.27 -28 Although neonatal inten-

sive care has, to a large extent, been ex-
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perimental or exploratory, assessment of

the quality of outcomes has never been
mandated. National funding has not been
readily available, and outcome evaluations

have rarely been carried out in a systematic

fashion using hypothesis-driven research

methodologies.

An additional problem inherent in de-

termining the long-term outcomes of very

low birth weight infants is that, by the time

meaningful assessments of outcomes such

as school-age performance are obtained,

neonatal treatment has also changed, and
these changes may have affected later out-

comes.8
-
29 Changes in the definitions of

normal growth and cognitive outcomes
over time also limit comparison between
studies, as exemplified by the recently re-

vised Bayley Scales of Infant Development,

which are currently being used extensively

in follow-up studies.

Factors to Consider When Evaluating

Long-Term Outcome Studies

There are several factors to consider in

evaluating long-term outcome studies (see

Box 3). These factors are discussed in the

paragraphs that follow.

Survival Rate

High mortality rates may indicate poor

perinatal treatment which may have a det-

rimental effect on the long-term outcome
of the survivors. Increased mortality

among high-risk infants may also be asso-

ciated with improved outcomes in the sur-

viving low birth weight children, as those

with the potential for a poor outcome may
have died.

Representativeness of the Study Sample

The majority of studies have been based

on hospital samples that may not be repre-

sentative of all the survivors in a specific

region. Furthermore, hospital-based stud-

ies that include infants transported from
community hospitals are biased by the se-

lective referral of the sickest infants. Re-

gional outcomes have been examined in

Canada, Europe, Australia, and England

but rarely in the United States.

Sample Characteristics

Outcomes are likely to vary in relation to

differences in how the samples are consti-

tuted. Sampling parameters to consider

include (1) the range of birth weight and
gestational age under study; (2) the rate of

intrauterine growth failure; (3) whether

children with congenital malformations

(for example, Down's syndrome, menin-

gomyelocele) or congenital infections (for
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Box 3

Factors to Consider When Evaluating Long-Term Outcome Studies

1 . Rate of Survival

2. Type of Study

Longitudinal

Cross-sectional

Controlled trial or intervention: pharmacothera-
peutic (e.g., surfactant) or educational en-

richment

Examination of specific risk factors (e.g., drain

hemorrhage, chronic lung disease, etc.)

3. Study Sample

Hospital-based or regional

4. Sample Characteristics

Birth weight and gestational age range

Rates of intrauterine complications

Intrauterine growth failure

Intrauterine infections

Congenital malformations

Perinatal morPidity (e.g., periventricular hemor-
rhage, chronic lung disease)

Sociodemographic descriptors (e.g., sex, race,

marital status, education)

Parental substance abuse

Postdischarge medical care and morbidity

Postdischarge intervention or enrichment pro-

grams

5. Suitability of Comparison (Control) Groups

6. Rate of Loss of Follow-Up

7. Duration of Follow-Up

Infancy

Early childhood

School age

8. Correction for Preterm Birth

9. Outcomes Measured

Growth

Health status

Illness (e.g., respiratory, ^hospitalization)

Postdischarge death rates

Neurological status

Cerebral palsy

Blindness

Deafness

Neuropsychiatric outcomes

Intelligence

Speech and language

Psychomotor

Memory
Attention

Academic achievement

School performance

Failure

Need for special education

Behavior

Social competence
Functioning

Activities of daily living

Impact/effect on family

Socioeconomic

Cost of hospital stay

Cost of education

Things to Remember
Exclusion of impaired children may falsely improve
outcomes.

Neonatal treatment and survival have improved so

rapidly that many results are obsolete by the time the

children are old enough to study. Developmental
norms of growth and development might also have
changed,

example, herpes, congenital cytomega-

lovirus, syphilis) are included; (4) peri-

natal and neonatal therapies used and

rates of complications (for example, ce-

sarean section, Apgar scores, delivery

room resuscitation, periventricular hem-

orrhage, chronic lung disease); (5) so-

ciodemographic descriptors; (6)

behavioral characteristics of the parents,

including smoking and drug abuse; (7)

post-hospital-discharge medical care and

complications; and (8) special inter-

ventions or enrichment programs.

The Nature of Control and Comparison Groups

If studies are not composed of randomly
assigned intervention and control groups,

then differences between the groups being

compared must be taken into considera-

tion. At a minimum, study groups should

be matched for factors such as race, sex,

and parental socioeconomic indices

(marital status, age, level ofeducation, and
occupation). 30

Sample Attrition

Children lost to follow-up are more likely

to come from lower socioeconomic groups
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who generally have poorer outcomes. 31 '32

If the attrition of children with poorer

outcomes does not occur evenly from the

study groups, then the study outcomes will

be heavily biased.

Duration of Follow-Up

Children must be followed to at least 18 to

24 months to assess severe neurodevelop-

mental problems. Follow-up to early

school age is required to measure more
subtle disturbances in areas such as fine

motor ability, visual-motor skills, behavior,

and learning.

Correction for Preterm Birth

There is, in general, a consensus that the

child's age should be calculated from the

mother's last menstrual period (postmen-

strual age) rather than from birth (postna-

tal age), at least until the child has a

postnatal age of three years.33

Outcomes Measured

Adverse effects of low birth weight vary in

accordance with how outcomes are as-

sessed. Medical outcomes include abnor-

malities on physical and neurological

exams, growth attainment, illness, and re-

hospitalizations. Neurological outcomes,

such as rates of cerebral palsy or blindness,

are not affected by sociodemographic fac-

tors and, thus, are good markers ofbiologi-

cal risk. Neuropsychological measures that

are sensitive to subtle degrees of dysfunc-

tion include intelligence, memory', speech

and language, psychomotor abilities, aca-

demic achievement, behavior, and attention.

Social competence, child temperament, and
the impact ofhaving a low birth weight or very

low birth weight child on the family system

are additional outcomes, but ones rarely

considered in research studies.34-36 The
measurement of functional abilities in-

cludes ratings by the physician 14 or care-

takers 11 '3^ of the child's ability to perform

age-appropriate activities of daily living.

Classification of Handicap

The terms impairment and handicap have

been applied loosely, and uniform defini-

tions are lacking. Handicaps generally re-

fer to severe neurosensory diagnoses such

as cerebral palsy, blindness, and deafness,

and/or to subnormal intelligence. Dis-

abilities of this nature are further classified

as mild, moderate, and severe. 14 '38 The
World Health Organization Classification

of Impairments, Disabilities and Handi-

caps has been applied in one study.39 Uni-

form definitions of problems in school

functioning are also lacking. Although

gross indices of school performance, such

as grade repetition and placement in spe-

cial education, have been most often ap-

plied, criteria for these interventions vary

across teachers and school districts. Simi-

larly, definitions of specific learning prob-

lems vary across studies and school

districts.

Exclusions

Children with severe neurosensory or be-

havioral dysfunction are sometimes ex-

cluded from study because of their

inability to comply with or understand test

instructions. Thus, outcomes reflect the

children tested rather than the entire birth

weight subgroup. Children with neuro-

logical impairment or mental deficiency

are also excluded from some studies so

that more specific learning problems may
be identified.

Outcomes for Low
Birth Weight Infants

Low birth weight children experience

combinations ofvarious neurosensory, de-

velopmental, and health problems which

compound the clinical and educational

outcomes. In the following section, we de-

scribe some of the more common out-

comes for infants born at low birth weight.
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Table 1

Physical and Neurosensory Impairment by Birth Weight

Author/

Related

Endnote
Number*

Year of

Birth

Cohort
Description

Age,
Years

Outcomes
Measured

Birth Weight Range, grams

Hack43 1977-

1979

Hospital 8

Neurosensory abnormality

< 1,500

10%
>2,500

0%

Saigal
40 1977-

1981

Regional 8

Neurosensory sequelae0
< 1,000

23%
>2,500

0.7%

McCormick 1 ' 1978-

1 Vo 1

Multicenter

very low

birth weight

and
regional

8-10

Neurologic sequelae0
< 1,000

21%
1 ,000 to 1 ,499

17%
1 ,500 to 2,499

6%
>2,500

5%

lepnn 1 VoU Hospital 0 Neurologic exam
Normal
Suspect
Abnormal

< 1,000

39%
50%
11%

>2,500

77%
23%
0%

Petersen
42 1980-

1 OP.O

Hospital 4

Normal physical exam
Normal neurologic exam
Normal eye exam

< 1,500

71%
65%
69%

1 ,500 to 2,300

84%
82%
89%

>2.500

90%
92%
90%

Hack44 1982-

1986

Regional 7

Cerebral palsy

Blindness

Deafness

<750
9%
6%
2%

750 to 1 ,499

6%
2%,

2%

>2,500

0%

Scottish
41

1984 Regional 4 to 5

Neuromotor impairment0

Blindness

Squint (strabismus)

Deafnessd

< 1,000

22%
5%
20%
3%

1 ,000 to 1 ,499

14%
0.3%
12%
1.4%

1 ,500 to 1 ,749

11%
1.2%

9%
2%

° Cerebral palsy, hydrocephalus, microcephaly, blindness, and deafness
b

Seizures, epilepsy, hydrocephalus, cerebral palsy, and mental retardation
0 <10 percentile on the Henderson Test of Motor Impairment
d

Requiring hearing aid

" See the related endnote numbers at the end of this article for complete citation.

Neurosensory Outcomes

Cerebral palsy is the most common major

neurological abnormality seen in low birth

weight children. The rates of cerebral

palsy increase with decreasing birth

weight. Despite different definitions and
categorization of conditions including

cerebral palsy, hydrocephalus, micro-

cephaly, blindness, deafness, and seizures,

the overall rates of these conditions are

remarkably consistent and range from ap-

proximately 20% for children with birth

weights ofless than 1,000 grams (2 pounds,

3 ounces) 38
-
40 to 14% to 17% for children

with birth weights of 1,000 to 1,500 grams

(from 2 pounds, 3 ounces to 3 pounds, 5

ounces) 11
'
41 and 6% to 8% for children

with birth weights of 1,500 to 2,499 grams

(from 3 pounds, 5 ounces to 5 pounds, 8

ounces). 11
'
41

-
42 (See Table 1.) By compari-

son, rates below 5% are reported for chil-

dren of normal birth weight. n.40,42

Blindness occurs mainly among children

with birth weights below 1,000 grams at

rates of5% to 6%. Deafness, which is found
in 2% to 3% of low birth weight children,

does not seem to specifically affect the

smallest babies. 11
-
43

The vast majority of low birth weight

children are normal on neurological ex-

ams; however, the rates of neuromotor
dysfunction are higher than in neurologi-

cally normal control groups. There is thus

a spectrum of neurological disorders rang-

ing from cerebral palsy to lesser and more
subtle degrees of neuromotor abnormality.

Cognitive and
Neuropsychological Outcomes

Low birth weight children score signifi-

cantly lower on intelligence tests than do
children of normal birth weight, even

when sociodemographic risk factors are

taken into account (see Table 2). The
mean intelligence quotient (IQ) scores fall
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Table 2

Comparison of Intelligence Scores of School-Age Children by Birth Weight

Author/
Related
Endnote
Number*

Year of

Birth

Cohort
Description

Age,
Years

Outcomes
Measured

Birth Weight Range, grams

Hack43 1977-

1979

Hospital 8

WISC-R"
Verbal

0

< 1.500

95.7±18

>2,500
inn a+18

Saigal
40 1977-

1981

Regional 8

WISC-R
Fullscale

0

<1.000

91.1±6

>2,500

103.8±12

McCormick" 1978-

1981

Multicenter very

low birth weight
and regional

8-10

WISC-R
Fullscale

0

<1.000

87.9+18

1 ,000 to 1 499
96.5±19

1 .500 to 2,499

96.3±17

>2,500

103.1+16

Teplin
38 1980 Hospital 6

Kaufman
MPCab

< 1,000

86.3+14

>2,500

96.8+1

1

Petersen
42 1980-

1982

Hospital 4

McCarthy0
< 1,500

101.3±18

1 .500 to 2,300

109.5±12

>2.500

116.2±12

Breslau
12 1983-

1985

Urban/suburban
hospital

6

WISC-R
Fuliscale

c

< 1.500

95.8±2

1,500 to 1.999

97.8±1

2.000 to 2.499

102.3±1

>2,500

105.2+1

a Mean ± Standard Deviation

° Mental Processing Composite
c

Least square means and standard error estimated in multiple regression analyses with population site, maternal IQ, maternal education, and

race as covariates.

* See the related endnote numbers at the end of this article for complete citation.

** WISC-R = Wechsler Intelligence Scale for Children-Revised.

within the average range; however, the

rates of deficient (IQ<70) and subnormal

(IQ=70 to 84) intelligence are significantly

higher than among control groups of chil-

dren with normal birth weight. (See Table

3.) These differences increase with de-

creasing birth weight. 1 U238,40,43,44 Dif_

ferences in IQ between low birth weight

and normal birth weight groups persist

even when those children with neurologi-

cal abnormalities are excluded from analy-

sis.! 2 '
44 Deficiencies in overall cognitive

abilities are especially evident for infants

weighing less than 1,000 grams (2 pounds,

Low birth weight children score

significantly lower on intelligence tests

than do children ofnormal birth weight.

3 ounces) at birth. For example, 8% to

13% of children born weighing less than

1,000 grams have subnormal intelli-

gence, H.38,40 compared with 20% of those

children born weighing less than 750

grams (1 pound, 10 ounces). 43

Evaluation of neuropsychological out-

comes oflow birth weight have also included

assessments of specific functions, such as

language abilities, memory, attention, fine

and gross motor coordination, perceptual-

motor skills, and nonverbal reasoning and

problem solving.38,40,43-48

The majority of recent studies publish-

ed in the United States involving very low

birth weight children show that members
of this group perform more poorly than

members of the full-term control group in

all areas. Pervasive neuropsychological im-

pairments are particularly pronounced in

children with birth weights of less than

1,000 grams.38,40,49,50

Recent findings by Hack and her col-

leagues suggest a relationship between the

degree oflow birth weight and the neurop-

sychological outcome.43>50 Extremely low

birth weight children (those weighing less

than 750 grams, or 1 pound, 10 ounces, at

birth) performed more poorly on an ex-

tensive battery of neuropsychological tests

than did infants born either at higher

weights (between 750 and 1,499 grams) or

at term. For several of the outcome meas-

ures, differences between the very low
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Table 3

Percentage of Children with School-Age Intelligence in the Subnormal and Borderline

Range by Birth Weight

Author/

Related

Endnote
Number*

Year of

Birth

Cohort
Description

Age,
Years

Birth Weight Range, grams

Hack43 1977-

1979

Hospital 8 < 1,500

Percent with IQ

<70 70 to 84

6% 24%

>2,500

Percent with IQ

<70 70 to 84

2% 14%

McCormick 11 1978-

1981

Multicenter

very low

birth weight

and regional

8-10 < 1.000

Percent with IQ

<70 70 to 84

1 3% 99%

1 ,000 to 1 ,499

Percent with IQ

<70 70 to 84

5% 19%

1 ,500 to 2,499

Percent with IQ

<70 70 to 84

5% 1 7%\J JO 1 / /O

>2,500

Percent with IQ

<70 70 to 84

0% 1 3%\J JO 1 \J IQ

Saigal
40 1977-

1981

Regional 8 < 1.000

Percent with IQ

<70 70 to 84

8% 25%

>2,500

Percent with IQ

<70 70 to 84

1% 47»

Teplin
38

1980 Hospital 6 < 1,000

Percent with IQ

<70 70 to 84

18% 29%

>2,500

Percent with IQ

<70 70 to 84

4% 12%

Breslau
12 1983-

1985

Urban/sub-

urban
hospital

6 All <2,500

Percent with IQ

<70 70 to 84

6% 23%

>2,500

Percent with IQ

<70 70 to 84

2% 14%

* See the related endnote numbers at the end of this article for complete citation.

birth weight infants and the term infants

were twice as large as differences between

the children with birth weights between

750 and 1,499 grams and the children in

the full-term group. The greater fre-

quency of medical complications associ-

ated with increasingly lower birth weights

helped to account for the relatively poor

outcome in the sample with birth weights

below 750 grams.

Studies ofneuropsychological outcomes

also suggest that some cognitive skills may
be more compromised than others in low

birth weight children. Comparisons of

neurologically intact very low birth weight

children of average intelligence with full-

term children in control groups point to

selective impairments in areas such as men-

tal arithmetic, visual-motor and fine motor

skills, spatial abilities, expressive language,

and memory.23,38,40,44,47,49

Aram and colleagues failed to find evi-

dence of specific language disorders in

very low birth weight children. 51 Although
language disorders were more common in

this group than in a geographically based

sample of normal birth weight children,

Aram found that these disorders were as-

sociated with general cognitive deficiency.

The results of these and other studies are

consistent with indications that low birth

weight children show less specific impair-

ment in verbal abilities than in perceptual-

performance skills.50-53 The special

vulnerability of low birth weight children

to weaknesses in perceptual-performance

skills is also consistent with evidence that

early neurological insults are more closely

associated with deficits in this area than

with deficits in language or more general

cognitive abilities.38 '
54

-55 Studies focusing

more specifically on neuromotor dysfunc-

tion in larger low birth weight children

(those with birth weights greater than
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Table 4

Behavioral Outcomes by Birth Weight

Author/
Related

Endnote
Number*

Year of

Birth

Cohort
Description

Age,
Years

Outcomes
Measured

Birth Weight Range, grams

McCormick" 1978-1981 Multicenter

very low birth

weight and
regional

8-10

Behavior problems0
< 1.000

29%
1 .000 to 1 ,499

28%
1,500 to 2,499

29%
>2,500

21%

Petersen
42

1980-1982 Hospital 4
Difficulty in social

behavior and few
emotional resources

< 1,500

28%
1,500 to 2,300

17%
>2,500

12%

a
Clinically significant behavioral problems on National Study of Children Questionnaire

* See the related endnote numbers at the end of this article for complete citation.

1,500 grams) are available from Europe
and the United Kingdom. The findings

from these studies reveal poor quality of

motor function and coordination in low

birth weight children. Studies also show
increasing neuromotor dysfunction as

birth weight decreases, even in children

without evident neurological impairment.

Behavior and Social Competence

The majority of recent studies of behavior

and social competence in low birth weight

children pertain to very low birth weight

and extremely low birth weight outcomes.

Using parent and/or teacher question-

Researchers concluded that children with

birth weights of less than 1,000 grams

have specific biologically based problems

in attention.

naires, these studies document an increased

risk of behavioral problems36 -
42

-
56-58 espe-

cially among boys.42 -
59

-
60 McCormick56 and

Petersen42 found greater rates of behav-

ioral problems with decreasing birth

weight (see Table 4) . Behavioral problems

have mainly been described in children

with cognitive deficits and neuromotor

dysfunction, suggesting brain injury as a

cause of these problems. Data relating be-

havioral problems to socioeconomic status

of the family are inconsistent. 36 -60A causal

relationship between behavioral outcomes

and maternal-infant separation and family

stress has been postulated but not
proven.38 -

56

The types of behavioral problems re-

ported in low birth weight children include

conduct disorder,36 hyperactivity,56 -
58 and

attentional weaknesses.57 -
61 Using parent

and teacher behavior ratings, Szatmari

and colleagues57 diagnosed attention-

deficit hyperactivity disorder (ADHD) in

16% of the children born with birth

weights of less than 1,000 grams (2

pounds, 3 ounces) compared with 6.9% of

the children in a matched control group.

Because the groups did not differ in rates

of other behavioral and emotional prob-

lems, these researchers concluded that

children with birth weights of less than

1,000 grams have specific biologically

based problems in attention. A pattern of

shyness, unassertiveness, and withdrawn

behavior has also been described.61 Parent

and teacher ratings of social competence

have similarly revealed that low birth

weight children have more difficulty in

social skills than the normal birth weight

children in control groups36 -
40

-
43 al-

though no differences in child tempera-

ment have been reported.62

School Performance and
Academic Achievement

Learning problems among low birth

weight children have been documented by

teacher or parent ratings of school perform-

ance and direct assessments of academic

skills in clinical settings. McCormick56 ana-

lyzed datafrom the National Health Interview

Survey of 1981 and found an increased rate

of parent-reported learning problems with

decreasing birth weight (see Table 5). Addi-

tional studies have yielded similar results.40 -
60
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Table 5

School Performance and Academic Achievement by Birth Weight

Author/

Related
Endnote
Number*

Year of

Birth

Cohort
Description

Age,
Years

Outcomes
Measured

Birth Weight Range, grams

McCormick56 1970s NHIS° 4-17

Grade repetition
13

School difficulty
13

< 1,500
23%
15%
34%

1,500 to 2,499

17%
5%
20%

>2,500

11%
4%
14%

Hack43 1977-

1979

Hospital 8 Limited academic skills

(rpnciinn ^np>llinn1
c

< 1,500
34%

>2,500

24%

Saigal
40 1977-

1981

Regional 8 School performance
Below grade level

d

Below averageb

< 1,000

39%
12%

>2,500

17%
4%

Carran66 1978-

1979

Hospital 7-8 Special education8

Mild/Moderate
Severe

< 1,500

20%
8%

1,500 to 2,499

11%
2%

>2,500

13%
0%

McCormick" 1978-

1981

Multicenter very

low birth weight

and regional

8-10

Learning problems5
<1,500

25%
1,500 to 2,499

19%
>2,500

13%

a NHIS = National Health Interview Survey of 1981
b Parent questionnaire
c

Tests of children
d Teacher questionnaires
e

School records

" See the related endnote numbers at the end of this article for complete citation.

Levels of achievement in reading, spelling,

and math are also lower for very low birth

weight children than for full-term chil-

dren.40,63

Observations of a relatively high rate

of learning problems in children of nor-

mal intelligence have led some re-

searchers to speculate that low birth

weight children may have specific learning

disabilities. Saigal and colleagues40 exam-

ined this issue directly by comparing the

incidence of learning disabilities in a

group of children having birth weights of

less than 1 ,000 grams (2 pounds, 3 ounces)

to the incidence of these problems in a

matched group of full-term children.

These researchers did not find a sig-

nificant difference between the groups in

the rates of learning disabilities but did

find that the children who weighed less

than 1,000 grams at birth were more likely

to be receiving special help at school. Nev-

ertheless, neurologically intact very low

birth weight children of normal intelli-

gence score more poorly on tests of

achievement than children in matched
control groups. 47 '

63 Based on these group

comparisons, very low birth weight chil-

dren appear to be particularly vulnerable

to problems in math.47 '50

Although most low birth weight chil-

dren participate in mainstream education,

rates of special education assistance are

higher among these children relative to

full-term groups (seeTable 5). McCormick
and colleagues56 found that 34% of very

low birth weight children were having

school problems as defined by grade repe-

tition or placement in special education

programs. In comparison, only 14% of a

group of normal birth weight children

were having similar problems. The differ-

ences could not be explained on the basis

of sociodemographic factors. In other

studies involving very low birth weight chil-

dren, rates of special education place-

ments are reported to be closer to 50% or

higher.63-67 A tendency for increasing

rates of special education with decreasing

birth weight is further substantiated in a

recent study by Hack and colleagues.43

Research in this area additionally suggests

that rates ofspecial education assistance may
increase among low birth weight children as

they progress through the grades.66
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Health Outcomes

As a group, low birth weight children ex-

perience more health problems than nor-

mal birth weight children. These problems
include specific medical and surgical con-

ditions, rehospitalization, and health-re-

lated limitations of activities of daily

living. 37 -38 '
68-70 Adverse health outcomes

increase with decreasing birth weight (see

Table 6) . The most common medical con-

ditions found in low birth weight children

are asthma, upper and lower respiratory

infections, and ear infections. Pulmonary
function tests reveal abnormalities which
are considered to be secondary to either

structural differences related to complica-

tions of prematurity or to familial

asthma. 71
-
72 Low birth weight children are

rehospitalized for the above medical con-

ditions as well as for surgeries, mainly of

the eyes (strabismus), ears, nose, and
throat (ear tubes, adenoids, tonsils, tra-

cheal complications); orthopedic surgery

is also performed for cerebral palsy.69 Al-

though respirator)' infections decrease af-

ter two years of age, health problems

Recent literature also suggests a relationship

between an abnormal intrauterine environment

associated with low birth weight and adult

blood pressure, cardiovascular disease, and

pulmonaryfunction.

persist and contribute to excessive bed
days, restricted activity, school absence,

and poor school performance, i 1
-
37

-
73 Low

birth weight children from disadvantaged

backgrounds fare worse than socially ad-

vantaged children.73

Growth

Growth attainment of low birth weight

children is less than that of their normal

birth weight peers.29,41,68,74,75 Birth-

weight-related differences in mean weight,

height, and head circumference increase

with decreasing birth weight. Poor growth

attainment is seen in both preterm and
term children who are born small for age

following intrauterine growth failure, and
also in preterm children who have normal

intrauterine growth but fail to grow after

birth because of severe neonatal complica-

tions of prematurity such as chronic lung

disease. 76 Although very little catch-up of

head size occurs after one year of age,

catch-up of weight and height can occur
later. 74 The major determinants of catch-

up growth include the duration and sever-

ity of the initial growth failure, as well as

the genetic growth potential of the child

as measured by parental height.

Low Birth Weight Among
Children Born at Term
Gestation Following

Severe Intrauterine

Growth Failure

Low birth weight children born at term

following severe intrauterine growth fail-

ure usually weigh between 1,500 and 2,499

grams (between 3 pounds, 5 ounces and 5

pounds, 8 ounces) at birth. Prior to the

1960s, term low birth weight children were

considered to have higher rates of major
neurodevelopmental handicap than nor-

mal birth weight children. However, more
recently, with the exception of children

who have major congenital malformations

or intrauterine infections (herpes, cy-

tomegalovirus, toxoplasmosis, and the

like), developmental outcomes for these

children have been reported to be similar

to those of their normal birth weight

peers. 77 '
78 This is considered to be due to

improvements in perinatal care which
minimize brain insult, including optimal

timing of delivery, cesarean section when
indicated, prevention of birth asphyxia,

optimal resuscitation, and treatment of

complications such as hypoglycemia and
polycythemia. Extended follow-up to 9 to

1 1 years of age has, however, recently re-

vealed learning deficits that were not iden-

tified prior to this age. 79 Recent literature

also suggests a relationship between an

abnormal intrauterine environment asso-

ciated with low birth weight and adult

blood pressure, cardiovascular disease,

and pulmonary function. 80

Factors Affecting

Long-Term
Developmental Outcomes

Social and Environmental Factors

Social and environmental disadvantages

clearly affect the long-term developmental

outcomes of low birth weight children,

whether measured in terms of maternal

education,8 -
10 '

11 race,8 -
81 or social
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Table 6

Health Outcomes by Birth Weight

Author/ Year of Cohort\#vl Ivl 1 Anp yi i ICS Birth Weight Range, grams
Birth T CUI

J

CI lUllUI fcr

Number*

Overpeck37 1964-1981 NHIS° <18 <2,500 >2.500

Three or more conditions 1 i lo 8%
Respiratory system conditions ono/

lo 16%
Central nervous system ft0/O lo 4%

conditions

Rehospitalization (two or l 10/
1 / lo 1 1%

more stays)

Hack68 1977-1979 Hospital 8 < 1,500 >2,500

Respiratory conditions 1 0 lo 5%
Surgery: Number of operations

1 or more 37% 16%
2 or more 8% 2%
3 or more 6% 0.3%

McCormick 11
1978-1981 Multicenter 8-10 < 1,000 1 ,000 to 1 ,499 1 ,500 to 2,499 >2,500

very low birth Limitation in more than one 46% 34% 27% 17%
weight and activity of daily living due
regional to health

Asthma 17% 18% 12% 11%
Rehospitalization

Previous year 6.5% 7% 5% 1.8%

Teplin
38

1980 Hospital 6 Rehospitalizations < 1,000 >2,500

64% 20%

° NHIS = National Health Interview Survey of 1981

" See the related endnote numbers at the end of this article for complete citation.

class.40,44,46,4V,82-87 For most low birth

weight children, social risk factors have a

far greater effect on long-term cognitive

outcomes than do biological risk factors.

However, biological factors are more im-

portant influences on outcome for chil-

dren with severe neurological insult or

extremely low birth weight.81 -
84 There is

also evidence that the cognitive deficits

specifically associated with social or envi-

ronmental risk become more pronounced
over time. 22 '38 '87 -

88

Despite speculation that very low birth

weight children are more susceptible to

adverse environmental influences than

are normal birth weight children,8 >
82 -89

evidence in support of an exaggerated ef-

fect of social factors among very low birth

weight children is scarce. 63 Most studies

have failed to find evidence for differing

long-term effects of social factors on very

low birth weight infants compared with

normal birth weight children. 1 2 ,
38,40,44 jn

fact, a few studies have observed greater

differences between very low birth weight

and control groups of children from more
advantaged environments when com-
pared with similar groups ofchildren from

less advantaged environments. 38 -
44 The

latter findings have been interpreted as

evidence that the adverse consequences of

being born very low birth weight may add
only minimally to the larger negative im-

pact of environmental disadvantage.

There is little doubt, however, that the

combined effects ofsevere neonatal illness

and a deprived environment can be dev-

astating.47 -81 .83

Biological Factors

Low birth weight is considered an index of

biological risk; however, the pathophysi-

ologic basis of risk is often unclear, espe-

cially in larger low birth weight children.90

Medical and/or biological factors that

contribute to the risk associated with low

birth weight include birth defects,39 -
91

male sex,87 birth asphyxia, and neonatal

complications of prematurity including se-

vere periventricular hemorrhage (brain

damage), chronic lung disease, meningi-

tis, seizures, hypoglycemia, and jaundice

of prematurity. These complications of

prematurity occur more commonly in in-

fants with birth weights of less than 1 ,000

grams (2 pounds, 3 ounces), which ex-

plains why this birth weight group is at
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greatest biological risk. Intrauterine

growth failure in preterm very low birth

weight children does not seem to contrib-

ute to poor developmental outcome over

and above that resulting from prematurity

and its complications. However, those with

severe brain growth failure may have a

poorer outcome.

Various cumulative neonatal risk

scores, which include summations of most
of the neonatal risk factors listed above,

are also predictive of developmental out-

comes of intensive care survivors. Length
of hospital stay is another good predictor

for neonatal morbidity because the sickest

and/or smallest infants remain in the hos-

pital for the longest periods. Subnormal

The majority of these enrichment

programs have demonstrated

improvements in developmental outcome.

brain growth, which is associated with the

above described intrauterine and neona-

tal complications and which serves as a

marker of severe biological insult, also cor-

relates very well with long-term out-

come 38,54,74,84

Specific neuropathologic brain lesions

associated with adverse low birth weight

outcomes include periventricular leuco-

malacia and cerebral atrophy, which can

result in cerebral palsy, nonspecific hypo-

tonia, and cognitive and neuropsychologi-

cal subnormality. Lesser degrees of brain

damage are thought to be responsible for

fine motor impairments, visuoperceptual

and math difficulties, and hyperactivity.

The influence ofbiological genetic fac-

tors on outcomes such as intelligence and
other cognitive abilities has rarely been
examined in low birth weight chil-

dren. 12,86

Enrichment Programs for

Low Birth Weight Infants

Enrichment programs for low birth weight

children have included neonatal in-hospi-

tal infant- and/or parent-focused pro-

grams92 as well as infant educational

enrichment and parent support programs
during infancy and early childhood.93 -94

The majority of these programs have dem-
onstrated improvements in developmen-

tal outcome. The Infant Health and Devel-

opment Program is the largest, most re-

cent, and comprehensive controlled trial

of educational enrichment of low birth

weight infants.94 In this project, 985 in-

fants were randomly assigned to receive

either an educational curriculum focused

on child development in addition to family

support and pediatric follow-up or only

pediatric follow-up for three years. The
children who received the enrichment
intervention had significantly higher
mean IQ scores than did children in the

control group (mean difference in IQwas
13.2 in the heavier group and 6.6 in the

lighter group) and significantly fewer ma-
ternally reported behavioral problems.

The gains in function were most pro-

nounced in the domains of receptive lan-

guage, visual-motor function, and special

skills. The infants who benefitted most
from the program were those of mothers
who had high school or less than high

school education, whereas children of col-

lege-educated mothers benefitted less.

Thus, enrichment programs seem to be

most effective among heavier low birth

weight children from lower social classes

who are at less severe medical risk.

Legislative Support for

Early Intervention Services

for Low Birth Weight
Infants and Toddlers and
Their Families

Research and demonstrated needs of in-

fants and toddlers with disabilities and
those at risk due to biological and/or en-

vironmental factors have contributed to

the passage of federal legislation to sup-

port a range of services for young children

with disabilities and their families and for

those at risk for compromised development.

The vast majority of low birth weight chil-

dren would fall into the latter categories.

Public Law 94-142, passed in 1975,

mandated services for disabled children

six years of age and older. Part B of Public

Law 99-457, passed in 1986, mandated
services for disabled children three to five

years of age, and Part H of this legislation

created a family-based service model for

children from birth to two years. Federal

grant monies are provided to develop a

coordinated, multidisciplinary system for

serving the targeted populations. Inter-

agency coordination councils, comprised

of professionals from several disciplines
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(for example, medicine, education, psy-

chology, occupational therapy, physical

therapy, and the like) in regions around
the state are required to document the

collaboration and coordination of mul-

tidisciplinary services. Most states have in-

itiated services for young children with

identified congenital disabilities and their

families; however, much less progress has

been made in serving youngsters such as

low birth weight children who are vulner-

able to developmental compromise be-

cause of biological or environmental risk

factors.

Conclusion and Policy

Recommendations

Low birth weight children represent a het-

erogeneous group of term and preterm

infants with varying degrees of social and
medical risk. Adverse outcomes include a

broad spectrum of conditions ranging

from normal growth and development to

severe developmental abnormalities. Al-

though the vast majority of low birth

weight children function within the nor-

mal range, they have higher rates of sub-

normal growth, health conditions, and
inferior neurodevelopmental outcomes
than do normal birth weight children.

Rates of abnormal outcomes increase as

birth weight decreases. At school age,

health problems mainly include respira-

tory problems such as asthma. With the

exception of a small minority of children

with mental retardation and/or cerebral

palsy, developmental sequelae for most chil-

dren include mild problems in cognition,

attention, and neuromotor functioning.

The majority of recent reports of low

birth weight outcomes pertain to children

who have reached 8 to 10 years of age.

Studies of adolescent intellectual and aca-

demic functioning of children born in the

1960s and earlier indicated that the ad-

verse consequences of low birth weight

were still apparent in adolescence. Thus,

there is no reason to anticipate improvements

in outcome with age in current survivors.

Social risk factors affect outcomes
across the continuum of the low birth

weight spectrum. Medical sequelae result-

ing from neonatal complications of pre-

maturity, such as brain hemorrhage and
chronic lung disease, have been identified

as risk factors affecting outcomes in the

low and extremely low birth weight sub-

groups. The physiological and biological

characteristics of the pregnancy and peri-

Box4

Policy Recommendations

1 . Provide prenatal care for all to prevent prematurity to the

maximum extent possiPle.

2. Continue perinatal research to elucidate the causes of and,
therePy, to prevent prematurity and neonatal morPidity.

3. Mandate comprehensive follow-up of low birth weight chil-

dren until school age. Such a mandate would include referral

to early intervention services for those most in need.

4. Offer parent support and education programs to enable
parents to meet the complex needs of preterm children.

5. Provide early educational experiences for very young pre-

term children most at risk for compromised development.

6. Intervene during the primary school years to minimize school

failure.

7. Continue professional development for health care provid-

ers, educators, psychologists, and other human service

providers to ensure that the multidisciplinary needs of preterm
children are met to the maximum extent possible.

natal risk factors associated with the infe-

rior outcomes of heavier low birth weight

children (those weighing between 1,500

and 2,499 grams or between 3 pounds, 5

ounces and 5 pounds, 8 ounces), inde-

pendent of social risk, are unclear.

Given the increasing numbers of survi-

vors of extreme prematurity and the high

health care and educational costs involved

in caring for low birth weight children, it

is crucial that we appreciate the full extent

of any adverse outcomes, identify the chil-

dren and families in greatest need of

monitoring and treatment, and recognize

protective factors that may assist us in de-

signing effective interventions (see Box 4)

.

At present, there is a lack of solid in-

formation about the long-term follow-up

of low birth weight infants in the United

States. This lack of information stems not

only from the difficulties in tracking fami-

lies over many years, but also from the lack

of a national commitment in this area. In

countries that have national health care

systems, it is often easier to implement

long-term follow-up studies, as nationwide

registration of health care users facilitates

the tracking of families over the years. It

is hoped that a future universal health care

system in the United States will mandate
documentation of the long-term outcome
of low birth weight children.
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There is evidence to show that enrich-

ment programs improve the developmen-

tal outcomes for low birth weight infants.

At present, there have been too few pro-

grams designed specifically to meet the

special health and developmental needs

of these children. Furthermore, despite

enactment of federal legislation which

mandated sendees for disabled children,

enrichment programs for such disabled

children are rarely available during in-

fancy and prior to three years of age. Ex-

panding the availability and accessibility of

these enrichment programs has the poten-

tial to mediate some of the adverse devel-

opmental effects that confront low birth

weight infants. Improvement of the overall

educational and social environment of

families living in poverty should further

influence outcomes.

Attempts to improve the long-term

health and developmental outcomes of

low birth weight children, apart from try-

ing to prevent low birth weight itself, must

include a commitment to research in sev-

eral important areas. We need to elucidate

and better understand which pregnancy

and perinatal factors affect brain develop-

ment, how to prevent and/or treat identi-

fied neonatal complications of prematurity;

and which components of enrichment pro-

grams may best prevent and/or treat the

developmental sequelae associated with

both biological and social risks. This basic

information will provide us with the tools

to better serve the low birth weight infant.
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Evidence-Based
Ethics and the Care of
Premature Infants
Jon Tyson

Abstract

Despite the success of newborn intensive care, a vexing ethical question remains:

Which preterm infants are so malformed, sick, or immature that newborn intensive

care should not be administered? In an attempt to answer this question, this article

examines current clinical practices and the persisting effects of the controversial

Baby Doe regulations. The scientific evidence for current practices is critically

analyzed in relation to fundamental ethical issues for marginally viable patients of

any age. A variety of strategies—some highly provocative—is proposed and discussed

to facilitate better-informed, better-justified, more broadly acceptable, and more
fiscally responsible ethical decisions in the care of preterm infants.

The ongoing debate about reform of the health care system has

been focused more on access and cost than on effectiveness of

care. Yet, for the population as a whole, medical care appears to

have only a modest effect on longevity or health. 1 Indeed, a major

increase in the delivery of medical care produced almost no discernible

improvement in the health status of adults during a large clinical trial to

assess the benefits of providing free medical care.

2

Premature infants, however, are a sub- administered? The potential benefits of

group of the population forwhom medical

care has undoubted effects on outcome.
As discussed elsewhere in this issue, the

mortality of premature infants has de-

creased dramatically during the past sev-

eral decades. Furthermore, the National

Center for Health Statistics, which esti-

mates total years of life lost before age 65

from a large variety of causes, has reported

that the largest recent reduction in total

life-years lost from any cause has occurred

among premature infants.3

Despite this success, however, a vexing

ethical question remains: Which prema-
ture infants are so malformed, sick, or

immature that newborn intensive care

(neonatal intensive care) should not be

intensive care—expressed in terms of total

years of life or total disability-free years

that may be gained from use of intensive

care—are greater for these infants than

for older children or adults. However, the

costs—both human and material—are

also greater, particularly for infants (and

their families) who survive with severe life-

long handicaps.

Decisions about whether to provide

neotatal intensive care to marginally viable

newborns are particularly difficult, in part

because the infants are unable to speak for

themselves. We must rely on the parents

and health care professionals to make
these decisions for the infants. Yet, deci-

sions to forego or administer intensive
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care involve the same fundamental ethical

questions, irrespective of patient age. For

this reason, advances in ethical decision

making in the care of premature infants

can improve ethical decisions in the care

of patients of any age.

In discussing ethical problems in the

care of premature infants, current prac-

tices and the controversy associated with

the Baby Doe regulations are first re-

viewed. Then, the fundamental ethical

questions about the care of these infants

are analyzed in terms of the scientific evi-

dence for current practices. Finally, based

on this analysis, specific strategies are pro-

posed to facilitate better-informed, better-

justified, and more broadly acceptable

ethical decisions in the care of premature

infants.

Practices and Policies in

the United States and
Canada
Some neonatologists initiate neonatal in-

tensive care for virtually all seriously ill,

malformed, or immature infants, includ-

ing infants weighing less than 500 grams

(1 pound, 2 ounces) at birth or delivered

before 24 weeks after the mother's last

menstrual period (24 weeks gestational

age). Except for infants with extremely

devastating congenital anomalies (for ex-

ample, anencephaly) , these neonatolo-

In centers that use neonatal intensive care

selectively, birth weight is often the primary

criterion in deciding whether to initiate

NICUcare.

gists believe that prognosis cannot be ade-

quately assessed at birth and that decisions

made in the delivery room to forego neo-

natal intensive care result in unnecessary

deaths and handicaps. Parents have little

influence over the decision to begin neo-

natal intensive care, although they are in-

volved in any decision to discontinue

neonatal intensive care. However, these

neonatologists are resistant to discontinu-

ing neonatal intensive care.4 While some
will agree to discontinue neonatal inten-

sive care if the infant develops a large

hemorrhage in the brain, others consider

it acceptable only when death is clearly

imminent.

In other centers, neonatal intensive

care is used more selectively and is not
initiated when the neonatologist judges
that it would not be beneficial. In this

situation, infants are given "comfort
care"—which includes a warm environ-

ment, gentle handling, and contact with

the parents as they desire—and allowed to

die without administration of any painful

procedures. If neonatal intensive care is

initiated, the development of major com-
plications is likely to prompt consideration

ofwhether neonatal intensive care should

be continued. Depending on the circum-

stances, the parents may or may not be

involved in deciding to forego or initiate

neonatal intensive care although they are

involved in any decision to withdraw it.

In centers that use neonatal intensive

care selectively, birth weight is often the

primary criterion in deciding whetherJ:o
initiate this care. Currently, neonatal in-

tensive care is not routinely administered

in many units to infants whose birth weight

is less than 500 grams ( 1 pound, 2 ounces)

.

However, for many years, the minimum
birth weight at which neonatal intensive

care was routinely administered was as

high as 800 grams (1 pound, 11 ounces)

in neonatal units in the United States. (In

this article, the term "extremely prema-

ture infants" is used to refer to infants who
weigh 800 grams or less—infants who, if

they survive, usually are treated with a res-

pirator for more than a month and remain

in the hospital more than 100 days.5 )

Gestational age may also be considered

in decisions to administer or forego neo-

natal intensive care, particularly when ges-

tational age is known with certainty and
when treatment is planned prior to birth.

Allen and colleagues have recently recom-

mended starting neonatal intensive care

for infants of 25 weeks gestational age or

greater but not for infants of 22 weeks or

less. 6 At 23 to 24 weeks gestational age,

they recommend that treatment be de-

cided in a joint decision with the parents.

These recommendations are similar to

those of other U.S. and Canadian groups. 7

In a recent survey of neonatologists,8

65% of respondents indicated that they

would consider parental wishes in decid-

ing whether to initiate neonatal intensive

care for an infant born at 23 to 24 weeks.

If an infant born at 23 weeks gestational

age deteriorated despite maximal support

in the neonatal intensive care unit, 55%
of the neonatologists said they would in-

volve the parents in decision-making and
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actively encourage a decision to discon-

tinue the respirator for these infants. This

percentage decreased to 48% if the infant

had been born at 24 weeks and 32% if the

infant had been born at 25 weeks. In a

different survey,9 94% of respondents rec-

ommended aggressive treatment at birth

for a 625-gram infant delivered at 25

weeks; however, 53% indicated they would

limit treatment if the infant developed a

large intracranial hemorrhage.

Unfortunately, there is little informa-

tion documenting actual practice. The
proportion of infants with birth weights of

800 grams or less who received neonatal

intensive care within the 12 centers of the

Neonatal Research Network sponsored by

the National Institutes of Child Health and

Human Development has been reported.

Among infants of the same birth

weight, those with the most advanced ges-

tational age are most mature, least likely

to die, and thus, most likely to benefit from

neonatal intensive care. Those who are

small for their gestational age (have a birth

weight below the 10th percentile) fare bet-

ter than infants of the same birth weight

who are appropriate for their gestational

age (have a birth weight in the 10th

through the 90th percentile for gesta-

tional age) or large for their gestational

age (have a birth weight above the 90th

percentile).

Neonatal intensive care was given to

approximately 55% of the smallest and

most immature infants (appropriate-for-

gestational-age or large-for- gestational-

age infants whose birth weight was 501 to

600 grams [1 pound, 2 ounces to 1 pound,

5 ounces]). Neonatal intensive care was

given to more than 80% of all remaining

infants (small-for-gestational-age infants

with birth weights between 501 and 800

grams [1 pound, 2 ounces and 1 pound,

1 1 ounces] and appropriate-for-gesta-

tional-age or large-for-gestational-age in-

fants with birth weights between 601 and

800 grams [1 pound, 5 ounces and 1

pound, 11 ounces]). 5
'
10

However, there was considerable vari-

ation between centers. Little information

about withdrawal of neonatal intensive

care and the involvement of parents or

ethics committees in treatment decisions

is available from these or other centers.

Practices and
Policies Elsewhere

European countries are apparently much
less aggressive than the United States in

using neonatal intensive care and place

greater emphasis on assuring prenatal

care to prevent premature births and on
rehabilitative and social services for handi-

capped survivors.4 Recommendations not

to give neonatal intensive care have been
made in Denmark for infants whose gesta-

tional age is below 25 or 26 weeks 11 and in

Sweden for infants whose birth weight is

below 600 grams. 12 In Australia, neonatal

intensive care is typically not recom-
mended below 25 weeks gestational age or

650 grams (1 pound, 7 ounces) birth

weight; depending on the desires of the

European countries are apparently much

less aggressive than the United States in

using neonatal intensive care.

parents, neonatal intensive care may not

be administered up to 800 grams (1

pound, 11 ounces) birth weight or 27

weeks gestational age. 13 In less-well-devel-

oped countries, neonatal intensive care, if

available at all, may be available only to

infants weighing at least 1,000 grams (2

pounds, 3 ounces) 14 or more. 15

Outside North America, parents of

premature infants tend to have a more
passive role or no role at all in treatment

decisions for premature infants. 12
-
14

Moreover, opposition to the involvement

of ethics committees has been docu-

mented in a variety of countries. 12 '
14

The Baby Doe
Regulations in the United
States: A Controversial

and Uncertain Legacy

Under the Baby Doe regulations of 1984, 16

withholding neonatal intensive care on
the basis of handicap—or, in the case of

extremely premature infants, increased

risk of handicap—was deemed to be dis-

crimination and a violation of the Reha-

bilitation Act of 1973. Threatened by loss

of federal funds, hospitals were required

to post signs providing the phone number
of a "Baby Doe Hotline" to report non-
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treatment. Such reports were to be imme-
diately investigated by "Baby Doe Squads"

that interrogated physicians, nurses, and
other personnel and reviewed confidential

hospital records. A storm of protest en-

sued. These regulations were struck down
in 1986 by the U.S. Supreme Court on the

grounds that the autonomy of the states

had been violated and that the Rehabilita-

tion Act did not apply to the medical care

of handicapped infants.

In the interim, Congress passed the

Child Abuse and Treatment Act of 1984

(Public Law 98-457)—often referred to as

the revised Baby Doe regulations—that de-

fined the withholding of "medically indi-

cated" treatment as child abuse and ne-

glect, rather than discrimination. State

child protective service agencies were held

responsible for determining when appro-

priate treatment had been unduly with-

held. The act asserted that such treatment

may be withheld only when (1) the infant

is chronically and irreversibly comatose,

(2) treatment would be "futile" and
"merely prolong dying," or (3) treatment

would be both "virtually futile in terms of

survival of the infant" and "inhumane."

"Law hasfailed medicine with respect to

intensive care decisions by creating two

conflicting legal standards.

"

The terms "futile," "virtually futile," and
"inhumane" were only vaguely defined, a

fact that makes the act difficult to interpret

in clinical practice. Whether "virtually fu-

tile" is narrowly interpreted (for example,

a 0.1% or 1% chance of survival) or more
liberally interpreted (for example, a 5%
chance of survival) makes considerable

difference.

Ironically, this act discriminates

against handicapped newborns by deny-

ing them the legal right accorded to all

other incompetent patients to refuse treat-

ment though surrogates. 17 This and other

ethical objections to the act have been of

little concern to commentators who dis-

miss the law as largely symbolic and of little

import to neonatal care. However, oth-

ers18 are deeply disturbed by this act and
fear that even a small possibility of the

reprisals for its violation—including loss

of hospital privileges by the physician and
loss of federal funding by the hospital and

state agency—may have serious and unrec-

ognized consequences. 17

To explore the effect of the act on
clinical practice, Kopelman and col-

leagues surveyed neonatologists in the

United States. 19 Among the 494 respon-

dents, 66% felt the act had reduced paren-

tal rights to consent to or refuse treatment

based on the infant's best interests; 60%
felt that the act did not allow adequate

consideration of suffering; and 56% felt

that infants were overtreated when survival

was very unlikely. An additional 11% to

15% were uncertain about such issues.

The neonatologists were asked
whether the use of a respirator should be
continued for a 550-gram premature in-

fant who had developed seizures and a

large hemorrhage in the brain. The esti-

mated chance of survival was 5% with al-

most no chance of survival without severe

handicap. Thirty percent of the neona-

tologists felt that the law required use of the

respirator; an additional 18% were uncer-

tain; and 68% noted that the act had
changed their approach to such infants.

When asked about an infant who had se-

vere hydrocephalus (spinal fluid obstruc-

tion causing marked distention of the

brain and head), infection within the

brain, and blindness, 77% of the neona-

tologists felt that treatment was not in the

infant's best interest; yet, 47% felt that the

act required treatment even against the

parents' wishes.

Although the act's legal standing has

been questioned, its effects appear to be

exacdy those intended by its proponents

—

diminished parental autonomy, reduced

consideration of infant suffering and fu-

ture quality of life, and expanded use of

neonatal intensive care for handicapped

or immature infants. At the same time,

funding has been restricted or reduced for

follow-up programs, rehabilitative care of

handicapped infants, and pediatric pro-

grams of undisputed benefit, including

immunization programs. Moreover, other

federal regulations (for example, the Pa-

tient Self-Determination Act) have been

enacted to protect and promote—not to

reduce—the autonomy of patients or their

surrogates in decisions to administer or

forego intensive care. Considering the

highly complex issues involved in treat-

ment decisions for handicapped or ex-

tremely premature infants, the Baby Doe
regulations can be viewed as a simplistic

governmental effort to control a very dif-

ficult and important area of medical care
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and ethical decision making. These regu-

lations were implemented without demon-
strating broad societal support, a consistent

or coherent rationale, or a manifest commit-

ment to improving the long-term outcome
of immature or handicapped survivors.

To date, the act has not been inter-

preted at the appellate level and has not

been directly challenged.20 However,
Clark has recently reported that the stand-

ards of the act have not been applied in

legal cases involving withdrawal of care.

Under the state laws applied to these

cases, quality-of-life consideration is encour-

aged, and parental permission for neonatal

intensive care is ordinarily required; paren-

tal decisions are subject to external review

only if the infant's caregivers consider the

parental decision to be unreasonable; and
the physician who continues treatment

without obtaining a court order after both

parents have withdrawn their consent may
be committing battery.

In contrasting the federal standards

under the act with those under the emerg-

ing standards of state law, Clark contends

that "law has failed medicine with respect

to intensive care decisions by creating two

conflicting legal standards" and that "phy-

sicians must choose which ofthe two stand-

ards to utilize and take their chances ....'20

What Care Is Ethical?

Legal questions aside, what care should be

given to the most immature, malformed,

or sick premature infants? The important

relevant ethical principles include preser-

vation of life, alleviation of suffering, non-

maleficence ("do no harm"), patient

autonomy, and justice (fair allocation of

medical resources). 21 When ethical prob-

lems arise in the care ofpremature infants,

there is usually conflict between two or

more of these principles. How best to ad-

dress the conflict between these abstract

principles while dealing with the concrete

problems of premature infants has been
debated for years. The eight major ques-

tions discussed below are of fundamental
importance in addressing the ethical ques-

tions involved in using intensive care for

patients of any age.

What Outcomes Are Too Dismal to

Justify Aggressive Care?

Without neonatal intensive care, virtually

all extremely ill, malformed, or immature
infants die within a few hours, if not a few

minutes, after birth. Yet, neonatal inten-

sive care can make the outcome worse

—

death occurring after days or weeks of

suffering. Moreover, some, though not

many, survivors have severe lifelong handi-

caps considered to be worse than death by

many parents. 22 Thus, neonatal intensive

"Just as the interests of the infant limit

parental authority, so the interests of the

family limit what can be required of the

familyfor the sake of the infant.

"

care is not necessarily beneficial or justi-

fied simply because it affords a modest
chance of survival.

Most religious leaders, ethicists, physi-

cians, and members of the lay public agree

that a variety of factors beside the risk of

dying should be considered in deciding

how to treat marginally viable patients.

Contrary to the Baby Doe regulations,

these factors include pain and suffering,

future quality of life, and sometimes the

cost of care.4 -23 -
24

Should the Effect on the
Family Be Considered?

The effect of neonatal treatment decisions

on the family are considered to be irrelevant

under the Baby Doe regulations; however,

this view has not gone unchallenged. 25-2,7

Strong asserts that the principle of non-

maleficence should be applied to the ef-

fect of treatment decisions on the family

as well as the infant. 'Just as the interests

of the infant limit parental authority, so

the interests of the family limit what can be

required of the family for the sake of the

infant."26 Silverman argues for balancing

the interests of the infant, the family, and
society, noting that "parents of a badly

damaged baby often resent the implied

demand that their family is required to

pass a 'sacrifice test' to satisfy the moral
expectations of those who do not have to

live, day by day, with the consequences of

diffuse idealism. It is easy, some parents

say, to demand prolongation of each and
every new life that requires none of one's

own . . . resources to maintain that life

later."25

Will Aggressive Care Improve or

Worsen the Outcome?

Unfortunately, the effect of intensive care

on the outcome of marginally viable pre-

mature infants is not easily predicted. This
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problem results in part from uncertainty

about gestational age. A one- or two-week

error can change whether neonatal inten-

sive care is considered to be justified. Yet,

the error is often several weeks or more
whether gestational age is estimated from
the infant's physical examination or the

mother's menstrual history. 28 -29 Many
mothers ofpremature infants have little or

no prenatal care, irregular menstrual cy-

cles, or an uncertain menstrual history

which makes the determination of an ex-

act gestational age difficult. 30

The effect of neonatal intensive care

on outcome is also not well predicted from
birth weight. Outcome is best predicted

using multiple factors—birth weight, ges-

tational age, gender, and condition at

birth. However, even when all of these

factors were used, it was impossible to pre-

dict with great accuracy whether infants

whose birth weights were less than 800

grams (1 pound, 11 ounces) would survive

or die when given neonatal intensive

care.5

Severe handicap is also difficult to pre-

dict. The use of sonography has been a

major advance in identifying brain dam-

age. Yet, such damage is often not detect-

able on sonograms until after decisions to

administer, forego, or withdraw mechani-

cal ventilation must be made. Moreover,

the relation of clinical findings in the neo-

natal period to long-term outcome is often

not clear in the results from the available

follow-up studies.

The Need for Rigorous Follow-Up Studies

It is difficult to assess the relationship be-

tween neonatal events and longer-term

outcomes because it is difficult to conduct

valid follow-up studies. This problem re-

sults, in part, because follow-up evaluation

and home care have been woefully under-

funded. Informed ethical decision making

requires an understanding of all important

consequences to the infant and familywhich

might result from decisions to administer or

forego neonatal intensive care. Yet, few fol-

low-up studies have included families of

infants who died, and no follow-up study

has related the long-term outcome of the

family to the decisions made to administer

or forego neonatal intensive care to the

infant. This lack of information is a fun-

damental problem for ethical decision

making in the care of newborn infants. 25

What Care Is Mandatory?

Should intensive care be routinely admin-

istered because outcome cannot be well

predicted? Some believe that intensive

care is obligatory unless it has been shown
to be futile. However, futility is a meaning-

ful and unambiguous term only when
quantitatively defined.31

'32 As recom-
mended by one group, intensive care

would be considered futile only when the

likelihood of treatment failure had been

shown to be at least 97%. 31 This approach

appears to be plausible. Yet, at least for

neonatal intensive care, futility is virtually

impossible to demonstrate.
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Futility—An Unattainable and
Unsatisfactory Criterion

Hospitals vary in the outcomes that can be

achieved. Thus, a neonatologist cannot

use results from other hospitals to demon-
strate futility in his or her own hospital. To
show that neonatal intensive care is futile

for preventing death among infants with a

birth weight of less than, say, 500 grams (1

pound, 2 ounces) , it would be necessary to

administer neonatal intensive care to at

least 100 such infants.31 Moreover, be-

cause the birth of these very tiny infants is

so rare, it would require five or more years

in almost all U.S. hospitals to complete

such a study. Many of the parents might

not agree to neonatal intensive care, and
serious ethical objections might be raised

by any ofa variety ofpeople. Moreover, the

neonatologist could not be confident that

the likelihood of death was at least 97%
unless all 100 of the infants had such an

outcome. 31 Even then, such certainty

might not be warranted because of ongo-

ing improvements in obstetric or neonatal

care.

If even one infant survived, neonatal

intensive care would be considered to be
mandatory under the above approach.

The suffering of all the infants who died

(as well as the costs of their care) would
be ignored. Use of a more stringent re-

quirement for futility (for example, dem-
onstration that the likelihood of death is

at least 99%) would be even more prob-

lematic. Use of a less stringent definition

(for example, a 95% likelihood of death

or severe handicap) would still pose major
problems and mandate care that might

produce much more harm than good.

Evidence-Based Ethics and
Medical Reasonableness

Under the usual rules of evidence in medi-

cine, the only mandatory interventions are

those for which there is credible evidence

that the benefits outweigh the hazards and
burdens.33 Evidence-based decision mak-

ing34,35 allows consideration of the level of

care that is reasonable, based on the qual-

ity of evidence available; the identified

benefits, hazards, and costs of treatment;

and as is crucial in a pluralistic society, the

values and preferences of the patient or

surrogate.36 Thus, medical reasonable-

ness is a more broadly acceptable criterion

than is futility for deciding whether to

forego or administer neonatal intensive

care.

What Care Is Optional?
What Care Is Investigational?

The concept that neonatal intensive care

may be an ethically optional therapy for

some infants has been widely discussed.

Little attention has been focused on
whether neonatal intensive care in some
circumstances should be considered an

Neonatal intensive care should be

considered to be an investigational

therapyfor infantsfor whom its benefits

are highly uncertain.

investigational therapy, a therapy for

which the value is sufficiently uncertain

that there should be special care to obtain

consent and to evaluate its effects. In an
evidence-based approach to ethical deci-

sion making, neonatal intensive care

should be considered to be an investiga-

tional therapy for infants for whom its

benefits are highly uncertain. Whether a

traditional institutional review board or

some other body should oversee the use of

neonatal intensive care as an investiga-

tional therapy should be carefully consid-

ered.

For both optional and investigational

use, the neonatologist and the parents

should jointly decide whether to adminis-

ter neonatal intensive care. However,
when neonatal intensive care is used as

investigational therapy, parents should be

clearly informed that neonatal intensive

care has dubious value and should explic-

itly consent to its use, and to the extent

feasible, it should be provided—as for or-

gan transplantation37 -
38—only in carefully

selected units. In the author's view, these

units should have (1) exemplary neonatal

outcomes documented for high-risk in-

fants born in their center, (2) carefully

standardized follow-up evaluations

through at least 18 months of age with no
more than a 20% loss to follow-up at that

age among infants forwhom intensive care

was optional or investigational, and (3)

sufficient resources to provide investiga-

tive neonatal intensive care without com-
promising outcome for infants for whom
neonatal intensive care is mandatory or

optional. Success in publishing clinical re-

search in peer-reviewed journals would
also be highly desirable.
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What Cost Is Too High?

Unfortunately, the costs as well as the

benefits must be considered in the use of

neonatal intensive care. While some peo-

ple find it abhorrent to consider these

costs, expenditures to preserve life are lim-

ited throughout our society. For example,

we limit what we spend to purchase safer

automobiles, build safer roads, and en-

force traffic safety laws. (Indeed, highway

speed limits were increased despite the

predictable increase in traffic deaths as

well as costs.) In proclaiming the impor-

tance of medical care, physicians some-

times lose sight of the opportunity costs of

medicine—the lost opportunities to de-

vote the same resources to improve educa-

tion, employment, housing, or other social

goods. Silverman notes, "It is easy to see

how senseless it would be to send a fully

staffed neonatal intensive care unit to res-

cue very small or severely malformed neo-

nates to an impoverished country like

Ethiopia. But we also need to see the folly

of ignoring the disparity. . .between unlim-

ited medical life-prolongation in the days

For both optional and investigational use,

the neonatologist and the parents should

jointly decide whether to administer

neonatal intensive care.

and weeks immediately after birth and,

later, the total lack of supporting care of

vulnerable, often unwanted infants living

in unsanitary housing amidst the social chaos

ofviolence and crime in inner city slums."39

Assessing Medical Costs Relative to Their Value

To aid in deciding how to use limited

health care resources, costs should be ex-

pressed relative to some measure of

value. 40 The cost-effectiveness of neonatal

intensive care can be expressed as the cost

per extra survivor who would have died

without neonatal intensive care or as the

cost per additional life-year gained by sur-

vivors who would have died without neo-

natal intensive care. Assessments of the

cost utility of neonatal intensive care can

be expressed as the cost per quality-ad-

justed life-year (QALY) gained as a result

of neonatal intensive care. In such assess-

ments, the number of life-years gained

from intensive care is reduced according

to the number of handicapped survivors

and the severity of the handicaps in those

survivors.40

If two medical programs result in the

same expenses and the same number of

life-years gained, the program that results

in the fewest handicapped survivors will

have the lowest cost per quality-adjusted

life-year gained. Because a goal of medi-

cine is to maximize the quality as well as

the length of life, this program could be
considered to have greater utility for the

cost. The use of quality-adjusted life-years

for this purpose is similar to that of "well-

years" or of "disability-adjusted life-years"

(DALYs), a measure recently hailed as a

major advance in assessing the global bur-

den of different diseases.41

However, the use of quality-adjusted

life-years is not without controversy or

problems. Such use has been criticized for

discriminating unfairly against the dis-

abled. However, use ofa measure like qual-

ity-adjusted life-years which favors thera-

pies that prevent handicap would seem to

have no inherent conflict with concern for

the welfare of handicapped persons. How-
ever, it is difficult to know how to adjust

appropriately for disability and disease, in

part because quality of life in the presence

of handicaps and chronic illnesses may be

rated higher by those affected than by

other persons. 42

It is also not clear that a life-year should

be valued the same for all persons, for

example, the old versus the young; per-

sons who are responsible for only them-

selves versus pregnant women or persons

responsible for young children, elderly

parents, or a disabled spouse.

In defining priorities for Medicaid ex-

penditures, an attempt was made in Ore-

gon to use a measure comparable to qual-

ity-adjusted life-years to rank medical and
surgical therapies. This ranking was aban-

doned, partly because of sharp criticism of

inconsistent or irrational results. 43 Such

results were at least partly due to inade-

quate information to properly rank differ-

ent therapies.

In the revised and less controversial

Oregon ranking, clear priority was given

to the care of pregnant women and chil-

dren. Seventeen categories of care were

ranked according to their importance.

The rankings were defined by using scien-

tific data, political importance, and other

unspecified criteria. Within categories,

therapies were ranked according to per-

ceived effectiveness. Maternity care and
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care of the newborn—including low birth

weight infants—were ranked second only

to the category of life-saving therapies

which result in full recovery. However, it

remains to be determined whether our
society as a whole would choose to accord

a higher priority for newborn infants and
pregnant women than for other citizens

and, if so, whether this would be on the

basis of an equal or higher value per life-

year or quality-adjusted life-year gained.

The Ratio of Cost to Value: Better for I ntensive

Care of Premature I nfantsThan for Adults?

A fundamental problem in comparing the

costs of care for different interventions or

different patients in the United States is

that hospital charges are designed to maxi-

mize revenues and are an unreliable indica-

tor of true costs. The most comprehensive

assessment ofthe short- and long-term costs

of neonatal intensive care comes from a

Canadian study. 44 This information is the

basis for official estimates of the cost of

neonatal intensive care in the United

States. 45

For at least the great majority of pre-

mature infants, this study suggests that the

cost of neonatal intensive care is not ex-

cessive relative to its utility. Indeed, the

estimated cost per quality-adjusted life-

year gained for infants with birth weights

of 1,000 to 1,500 grams (2 pounds, 3

ounces to 3 pounds, 5 ounces) was $4,500,

less than that for treating severe or even

mild hypertension in 40-year-old males

($9,400 to $19,100) 46 Cost increased with

decreasing birth weight. Yet, the estimated

cost per quality-adjusted life-year gained

for infants with birth weights of 500 to

1,000 grams (1 pound, 2 ounces to 2

pounds, 3 ounces) was $31,800, still less

than the estimates for coronary artery by-

pass surgery ($36,300) or renal dialysis

($47,100 to $54,000).

With advances in neonatal intensive

care since this study, the cost utility is likely

to have improved for infants whose birth

weight exceeds 800 to 900 grams (1

pound, 11 ounces to 2 pounds, 0 ounces).

However, cost per quality-adjusted life-

year gained for smaller infants is uncertain

and may have increased substantially. New
comprehensive economic analyses are

needed. Nevertheless, analyses of hospital

stays performed using data from the Neo-
natal Research Network5 suggest that the

cost per life-year gained or per quality-ad-

justed life-year gained from intensive care

may still be less—perhaps much less—for

most infants with birth weights of 501 to

800 grams (1 pound, 2 ounces to 1 pound,

1 1 ounces) than for many adults. Hospital

charges for intensive care of adults ex-

pressed per life-year gained at home were

recently reported to be $181,308 for the

highest-risk elderly patients,47 $95,142 for

adults with solid tumors, and $449,544 for

adults with hematologic cancers.48 Total

costs may be even higher for resuscitative

Analyses ofhospital stays suggest that the cost

per life-year gained may still be less—perhaps

much less—for most infants with birth weights

of501 to 800 grams thanfor many adults.

efforts of adults outside the hospital who
do not initially respond49 and such pro-

grams as cholesterol screening in young
adults.50

Is Rationing of Care at the

Bedside an Unavoidable Reality?

Findings like those noted above indicate

the importance ofbetter assessing the true

costs of expensive medical therapies and
defining societal priorities for expensive

medical care for patients of all ages. It is

also important that physicians use the

available resources wisely. Two reports

have noted a worsening outcome among
infants with birth weights greater than

1,000 grams (2 pounds, 3 ounces) as use

of neonatal intensive care for infants with

birth weights between 500 and 1 ,000 grams

(1 pound, 2 ounces and 2 pounds, 3

ounces) increased. 51
-52 Even in the United

States, inadequate resources for neonatal

intensive care may now be or may soon

become a serious unrecognized prob-

lem.52 -
53 Stringent measures to reduce

costs are now being implemented in many
neonatal units, and pressure to ration is

intensifying throughout the health care

system.52 -53 The often-repeated dogma
that rationing should not occur at the bed-

side ignores the clinical realities of busy

intensive care units with limited beds, staff,

or support services.54-56 To minimize pre-

ventable deaths and handicaps, resources

must be used in the most effective manner
feasible.

Who Should Decide?

A conceptual analysis of the role that soci-

ety, parents, and physicians should play in

making treatment decisions for neonatal

intensive care is shown in Table 1 (based
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Toble 1

A Proposal for Use of Newborn Intensive Care for Premature or Other High-Risk Infants

Care Category*
Based on Societal

Judgment

Societal Judgment
of Cost Relative to

Value

Parental

Involvement in

Decision Making

Rights of Infants and Parents;

Duties of Physicians and Society

Unreasonable Unacceptable No Newborns/parents have no right to

newborn intensive care (NIC), and
physicians/society ought not offer it.

Investigational Possibly acceptable Yes Diversion of limited resources may be
justified if NIC is provided in a manner
sucn trot uuraen/oeneTiT rano is assessea.

Parents have a right to elect NIC for their

newborn contingent upon their consent
that therapy is proviOeO under these

conditions. Physicians/society ought to

provide such therapy only under these

conditions.

Optional Probably acceptable Yes Parents have a right to elect/decline NIC
for their newborn. Physicians/society have
a duty to inform parents regarOing

benefits ana burbens.

Mandatory Acceptable No Parents have no right to decline NIC for

their newborn. Physicians/society have a
duty to provide NIC.

* Provided that adequate resources are available in a neonatal unit where the infant couia receive intensive care.

Source: Fleck. L, Lorenz, J., and Tyson, J. Developing guidelines for clinical and public policy. Unpublished manuscript.

on the work of Fleck, Lorenz, and Ty-

son57 ). In principle, the designation of

neonatal intensive care as unreasonable,

investigational, optional, or mandatory

The designation ofneonatal intensive care

as unreasonable, investigational,

optional, or mandatory should be a

societaljudgment based on the best

available evidence concerning the benefits

and the cost.

should be a societal judgment based on a

painstaking analysis of the best available

evidence concerning the benefits and the

cost. Describing the steps that would con-

stitute an appropriate process to achieve a

societal judgment is beyond the scope of

this article; however, the process would

necessarily involve a broad variety of per-

sons, including neonatologists, parents,

economists, policy analysts, and members
of the lay public.

When ParentsShould NotBe Involved

Neonatal intensive care would be manda-
tory (last category in Table 1) when the

cost is judged to be acceptable and the

evidence ofbenefit is strong, as for a 1,500-

gram infant born at 31 weeks gestational

age with respiratory distress syndrome in

the United States. In this situation, the

parents do not participate in decision mak-

ing; they have no right to demand that

neonatal intensive care be withheld, and
the physician is obligated to administer

neonatal intensive care. (If the resources

within the hospital are not adequate, the

infant should be transferred to an appro-

priate facility whenever feasible.) Neona-

tal intensive care would be unreasonable

(first category in Table 1) when there is

little or no evidence that it would be bene-

ficial and when the expected value of that

care would not justify the costs. Barring

major advances in neonatal intensive care,

care of this type would be unreasonable for

an infant weighing 250 grams (0 pounds,

9 ounces) born at 20 weeks gestational age

with a slow heart rate. In this situation,58

parents would not participate in decision

making and would have no right to de-
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mand neonatal intensive care, and physi-

cians ought not to administer neonatal

intensive care.

When Parents Should Be Involved

As indicated in Table 1, parents have a

right to be involved in decision making
whenever neonatal intensive care is op-

tional or investigational. The neonatolo-

gist needs the freedom to initiate neonatal

intensive care if the parents need more
time to participate effectively in treatment

decisions. However, well-prepared parents

may be able to participate in decision mak-
ing at or before birth. In an important

article, Harrison 2? has urged the develop-

ment and evaluation of new strategies to

improve decision making, including the

use of advance directives written during

pregnancy to advise physicians of parental

preferences if the appropriateness of re-

suscitation or aggressive treatment at birth

is questioned.

Classification of Infants

How should infants be classified into the

different categories? Any specific clinical

criteria (birth weight, gestational age, and
so on) would have to be periodically re-

vised as neonatal care and prognosis

changed. However, this problem might be
avoided by developing criteria based on
specific levels of risk for the occurrence of

either death or severe neonatal morbidity.

(Severe neonatal morbidity among infants

with birth weights under 1,500 grams [3

pounds, 5 ounces] might be defined as

Grade III or IV intracranial hemorrhage;

cystic white matter disease; necrotizing en-

terocolitis requiring surgery; and a need
for oxygen therapy at 36 weeks postmen-

strual age. These disorders are associated

with a prolonged need for intensive care

and painful procedures or complica-

tions. )
5,27,59

Neonatologists are likely to differ con-

siderably in the risk levels that they would
select to classify individual babies. 60 As
noted above, a societaljudgment needs to

be made. However, for the sake of discus-

sion, the author's view is that the initiation

of neonatal intensive care might be con-

sidered mandatory when the risk of death

or severe neonatal morbidity (estimated as

described below) is 50% or less, optional

when the risk is 51% to 75%, and investi-

gational when the risk is 76% to 95%.
Neonatal intensive care might be consid-

ered unreasonable when the risk is greater

than 95% (with the possible exception of

infants who are born in centers that are

qualified to give investigational neonatal

intensive care and whose attending neo-

natologist and parents desire to initiate

such therapy). These risk levels refer to

those for infants born in centers with neo-

natal intensive care units.

Large numbers of infants are required

to develop precise estimates of risk for a

given birth weight, gestational age, and
sex. However, outcome data are published

periodically from the Neonatal Research

Network61 and the Vermont-Oxford Trials

Network. 62 (Neonatologists working in

large neonatal units could use data for

infants in their unit during the previous

three to five years.) If recent Network data

Parents have a right to be involved in decision-

making whenever neonatal intensive care is

optional or investigational.

were used, the initiation ofneonatal inten-

sive care might be designated as investiga-

tional for small-for-gestational-age females

with birth weights below 500 grams (1

pound, 2 ounces), and appropriate for

both small-for-gestational-age males with

birth weights below 700 grams (1 pound,
8 1/2 ounces), and all other infants with

birth weights below 600 grams (1 pound,

5 ounces). Similarly, initiation of neonatal

intensive care could be considered as man-
datory for small-for-gestational-age fe-

males with birth weights above 700 grams

and appropriate for both small-for-gesta-

tional-age males with birth weights above

900 grams and all other infants with birth

weights above 800 grams. After neonatal

intensive care is initiated, the infant's risk

would change depending on his condi-

tion, response to therapy, and age. Thus,

separate criteria would need to be devel-

oped for decisions to withdraw neonatal

intensive care at various ages after it has

been started.63

The Uncertain Role of

Hospital Bioethics Committees

The number and influence of hospital

bioethics committees appears to have in-

creased considerably after the Child Abuse
and Treatment Act. These committees

may reduce the likelihood of hasty or un-

reasonable decisions. They may also be

very useful as advisory bodies to address

ethical questions raised by clinical staff or

disagreement between parents and physi-
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cians. However, these committees pose im-

portant potential problems, including the

possibility that the members might not
know enough about the patient or the

The best way tofurther the autonomy of the

parents as well as the welfare of the infant is

to increase what is known about the benefits

and hazards ofneonatal treatment methods

and regimens.

medical problem, or might be biased by

institutional concerns. 64 -65 These commit-

tees will require further evaluation before

their proper role is clear. There seems to

be no information to indicate that they

should routinely review or participate in

treatment decisions for high-risk new-

borns.

Seeking Consent in the Early Neonatal Period

The goal of informing and involving par-

ents appropriately in treatment decisions

is ofindisputable importance. Yet, this goal

is often difficult to achieve, particularly

during labor or shortly after delivery when
decisions to forego or initiate neonatal

intensive care are often made. If the baby

was transported to a neonatal intensive

care unit, the parents may be unavailable

because they live in a distant community.
Moreover, fathers are often not immedi-
ately available. About half of the mothers

of infants weighing less than 1,500 grams

(3 pounds, 5 ounces) at birth have under-

gone a cesarean section. Many of these

mothers have major illnesses or complica-

tions. Most receive potent medications.

Virtually all experience considerable

physical and emotional distress. Moreover,

as discussed below, "adequately" or "fully"

informed consent may be impossible even

if the parents—who are often young or

poorly educated—are told everything

known by the physician. 66

Use of Unproven
Therapies: A Common
and Unavoidable
Dilemma

Many widely used therapies in neonatol-

ogy have unproven value. Even such basic

and necessary treatment decisions as how
and when to feed the infant, how much

oxygen to administer, and when to admin-
ister blood involve highly complex issues

that no one adequately understands. Un-
proven therapies and treatment regimens
are used commonly in all areas of medi-
cine. 67 However, as discussed below, pre-

mature infants are particularly vulnerable

to unanticipated but potentially devastat-

ing treatment hazards. 68 The use of un-

proven therapies and treatment regimens
remains a fundamental and inadequately

appreciated issue in the ethics ofcaring for

premature infants.

How Can We Better Serve
Our Patients in Using

Unproven Therapies?

The best way to further the autonomy of

the parents as well as the welfare of the

infant is to increase what is known about

the benefits and hazards of neonatal treat-

ment methods and regimens.

A Pressing Need for Clinical Trials

Uncertainty about the value of a therapy is

most likely to be resolved by conducting a

randomized controlled clinical trial—

a

study in which chance determines which
patients receive alternative therapies or

treatment methods. Other kinds ofstudies

are a notorious source of misleading infor-

mation, unjustified treatment recommen-
dations, and widespread harm to patients.

While it may be very difficult to assess

treatment benefits even in randomized tri-

als, therapies that have not been tested in

such trials may be considered to have un-

proven value.

The resistance to clinical trials voiced

by some ethicists and philosophers reflects

a misunderstanding of statistics and of

clinical realities. 69 -70 Indeed, ethical con-

siderations should encourage—not dis-

courage—the performance of properly

controlled trials when the best therapy is

unknown. 68-71 A controlled trial of an un-

proven therapy is clearly preferable to hap-

hazard clinical use of the same therapy.

Unproven therapies are typically pre-

scribed in clinical practice without any in-

dependent monitoring, without consent,

and with little, if any, effort to inform the

parents of what is known and not known
about the therapy. In clinical trials, a much
more serious effort is made to inform the

patient (or surrogate).

This information must be provided

verbally and in writing, and consent ob-

tained using a form approved by the inves-

tigator's institutional review board. The
use and effects of unproven therapies in
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randomized trials—in contrast to clinical

practice—are scrutinized by funding agen-

cies, institutional review boards, data

safety and monitoring committees, peer-

reviewers, and readers of the published

report.

At the very least, these safeguards as-

sure that the physician conducting a clini-

cal trial is highly motivated to use an un-

proven therapy in the safest, most effective

manner possible based on a careful assess-

ment of the best available information.

The findings of the trial will foster wide

clinical use of this therapy if benefit is

shown. If, however, the "therapy" proves

to be ineffective or harmful, the number
of patients treated with this agent will be
minimized, an important ethical advan-

tage of clinical trials.

The Double Standard for Informed
Consent in Clinical Practice and
Clinical Trials: A Need for Reform

Smithells has quipped, "I need permission

to give a new drug to half my patients but

not to them all."72 This double standard of

more stringent requirements and regula-

tion of consent in research than in clinical

practice encourages widespread use of

therapies before they have been properly

tested. Yet, with the safeguards noted

above, patient autonomy and welfare are

better protected in clinical trials than in

clinical practice. Despite the notorious

and inexcusable abuses that have some-

times occurred in research, 73 the number
of patients harmed by the use of unproven

therapies in clinical practice is likely to be

orders of magnitude greater than the

number harmed in clinical trials. 74 In neo-

natology, for example, well-meaning use

of poorly tested regimens of oxygen and
antibiotics resulted in death or handicap

for thousands of babies over a period of

several decades. 68

A growing number of ethicists and phy-

sicians have called for equal standards of

consent for use of unproven therapies in

clinical practice and research. 75
-
76 Such a

standard should be based on the develop-

ment of better methods to meet the needs

and wants of our patients, 74 methods that

are more sensitive to the wide differences

among parents in their background, edu-

cation, and values, their desire to receive

information and to participate in treat-

ment decisions, and their ability to cope

under extremely difficult circumstances.

Summary and
Recommendations

Treatment decisions for extremely prema-

ture infants involve highly complex medi-

cal and ethical issues. However well

meaning, the imposition of ostensibly sim-

ple rules for decision making—such as

Increased supportfor clinical trials is needed to

increase the recognition and use of therapeutic

advances and to reduce the number ofpatients

who receive well-intended "therapies " that, in

fact, are ineffective or even harmful.

those promulgated under the Baby Doe
regulations—may only increase the suffer-

ing of the infant and the family and the

devastating long-term effects of perinatal

tragedy.

The following kinds of strategies are

recommended to policymakers to help im-

prove ethical decision making in the care

of high-risk newborns:

1 . Increase support for programs and re-

search needed to augment the scientific basisfor

treatment decisions. As discussed above, fol-

low-up programs are particularly impor-

tant but very difficult to conduct and woe-

fully underfunded. Increased support for

clinical trials is needed to increase the

recognition and use of therapeutic ad-

vances and to reduce the number of pa-

tients who receive well-intended "thera-

pies" that, in fact, are ineffective or even

harmful. Clinical trials should be consid-

ered a critical public health need.

2. Increase the support for programs and
research needed to augment the ethical basisfor

treatment decisions. Considerable research

is needed to define better ways to meet the

wants and needs of distraught parents in

the perinatal period. We need to develop

and evaluate better strategies to inform

different parents about their infant's con-

dition and treatment and to involve them
in decisions to use unproven methods of

treatment. As discussed above, the double

standard for consent in clinical practice

and research encourages widespread use

ofunproven therapies without proper test-

ing. This should be recognized as a serious

problem, and alternative approaches
should be formally evaluated.
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3. Address the cost of neonatal intensive

care by strategies that will also augment the

ethical and scientific quality of neonatal inten-

sive care. These strategies include more
appropriate involvement of parents in

treatment decisions, recognition of neo-

natal intensive care as an investigative ther-

apy for some infants, and identification of

neonatal units that achieve exemplary out-

comes and research. Serious considera-

tion should be given to funding neonatal

intensive care as investigative therapy only

for infants born in or transferred to these

Serious consideration should be given to

funding neonatal intensive care as

investigative therapy onlyfor infants

born in or transferred to these units.

units. Rather than provide funding for

routine clinical use of therapies that have

not been shown to be effective in clinical

trials, serious consideration should also be

given to funding their use only in clinical

trials. At least initially, this approach might

be politically feasible only for new thera-

pies. However, over the long term, it might

be a highly effective method to improve

outcome as well as reduce cost.

4. Support efforts to provide better estimates

of the cost and value of all major medical pro-

grams or interventions relative to the goals of

medicine. As noted above, current hospital

accounting systems do not allow an accu-

rate measure of true cost. Better mecha-
nisms to assess cost are crucial to making
intelligent choices in funding expensive

medical programs. Moreover, consider-

able research is needed to relate the true

costs to the benefits, whether these are

expressed in life-years gained, quality-ad-

justed life-years gained, or a better meas-

ure yet to be developed.

5. Promote efforts to define the goals of

medicine more clearly at a societal level. This

has been a critical but neglected issue in

the current health care debate. 77 -
78 The

proper use of limited public funding for

health care will depend on both the value

ascribed by society to medical care (rela-

tive to other societal goods) and the rela-

tive value ascribed to the prevention and
treatment of suffering, the prevention and
rehabilitation of disability, and the post-

ponement of death. These are crucial is-

sues, of course, for patients of all ages.

A cooperative effort among parents,

clinicians, clinical investigators, and poli-

cymakers is needed to make full use of

strategies like those suggested above. This

effort will augment the ethical and scien-

tific quality of treatment decisions for pre-

mature infants, decisions that have pro-

found long-term consequences for these

infants and their families.
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Unintentional injuries, or injuries that occur without specific

intent of harm, are a leading cause of death and disability for

children in the United States. Each year, approximately 3,600

children die, 20,000 children become permanently disabled, 550,000

children are hospitalized, and 15 million children visit the emergency

room because of unintentional injuries.*^ The implications of these

injuries for children and their families are large. Consequences can

include time lost from school, decreased ability to participate in normal

activities, or early loss of life.

Fortunately, many child- ingly the term accident is re-

hood unintentional injuries

are preventable using fairly

simple strategies that have
been proven to work. Under-
standing sources of injury data

and how they fit in a larger

context is necessary for imple-

menting and evaluating any

prevention program. This
Child Indicators defines unin-

tentional injuries and dis-

cusses sources of information

on mortality and morbidity re-

sulting from them. It also con-

siders issues surrounding in-

terpretation of unintentional

injury data, specifically for mo-
tor vehicle crashes, the leading

cause of death for young chil-

dren in this country.

Defining

Unintentional

iriesInjui

Unintentional injuries include

only those injuries that occur

without intent of harm. Such
injuries are frequently called

accidents or accidental in com-
mon usage. However, increas-

garded as a misnomer for un-

intentional injuries because it

suggests unpredictability or a

lack ofcontrol over the circum-

stances surrounding an event.

The National Center for Injury

Prevention and Control at the

Centers for Disease Control

and Prevention does not use

the term accident at all be-

cause this term promotes the

idea that injuries cannot be

prevented when, in fact, the

likelihood of many childhood

injuries can be reduced using

relatively simple strategies.

Unintentional injuries

generally stem from interac-

tion between a child's develop-

mental stage, a parent's or su-

pervising adult's understanding

(or lack of understanding) of

the child's abilities and vulner-

ability, and a product or envi-

ronmental circumstance. For

example, a parent who places

a toddler at the top of a stair-

way with no barrier is not prop-

erly compensating for the

child's lack of stair-climbing

ability with a safety barrier. If

the child should fall down the

stairs and be injured, the cir-

cumstance of being at the top

of the stairs with no barrier,

the child's lack of climbing

ability, and the parent's misun-

derstanding of appropriate

settings for the child all con-

tribute to the probability of the

fall. Although the fall might be

classified as an accident and
the subsequent injuries might

be termed unintentional, the

probability of both events

could have been greatly re-

duced by several different

interventions.

There is no official classifi-

cation scheme distinguishing

intentional from uninten-

tional injuries; however, Box 1

shows injuries typically in-

cluded in the intentional and

unintentional categories. Be-

cause the classification stems

from intent instead of conse-

quence, it can be difficult to

distinguish unintentional inju-

ries from intentional ones.

This is particularly true for

young children, who cannot al-

ways communicate the circum-

stances of their injuries. The
clearest cases of unintentional
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injury are those obviously not

intended to occur. Most motor
vehicle crashes, for example,

are clearly unintentional, al-

though some adolescent mo-
tor vehicle crashes may
represent intentional, self-de-

structive behavior. Other
events leading to injuries may
sometimes be considered in-

tentional but can be unin-

tended, such as self-inflicted

poisonings or gunshot injuries

from firearm use, particularly

among very young children.

Purposely inflicted injuries

such as child abuse and ne-

glect are usually considered in-

tentional because the abuser

intended to hurt the child

even if the degree of harm was

not foreseen.

The distinction between
intentional and unintentional

is more of a continuum than a

dichotomy. Take, for example,

the child injured by falling

down a flight of stairs. The
physical consequences of the

injury are clear, but the cir-

cumstances surrounding it

may not be. The child may
have fallen because there was

no protective barrier or rail-

ing. In that instance, the injury

would likely be classified as be-

ing caused by an unintentional

fall. Or an adult or another

child may have inadvertently

pushed the child down the

stairs, in which case the proper

injury category might be un-

clear. Alternatively, the child

may have been pushed down
the stairs by an abusive parent,

which would result in an inten-

tional injury. The end result of

each event for the child's

physical health is the same, but

strategies for preventing the

injury would be different in

each scenario.

Correctly classifying the

causes of injuries is essential

for the design of preventive

measures. Fortunately, the in-

tent of the injury is clear in the

majority of cases. However, in

some instances, determining

this information may be diffi-

cult.
6
Child abuse and other

intentional injuries can be
hard to categorize. For this rea-

son, estimates of the number of

children suffering these types of

injuries may be low. A recent

analysis suggested that annually

about 85% of child deaths from

child abuse or neglect are mis-

classified as being from uninten-

tional injuries. While not all

injury researchers agree with

the magnitude of this finding,

the potential for misclassifica-

tion is clear.
3

Mortality Data

Because data on mortality are

collected for the whole nation

on a regular basis, they are the

most readily available and fre-

quently used source for meas-

uring the impact of injuries on
children. The most common
source of mortality data is the

U.S. vital statistics system
which uses information from
death certificates to keep track

of the cause of every death in

the United States. Data are col-

lected at the local level, usually

by counties or cities. Each local

area has a count of the number
of deaths due to specific causes

which occur within its borders

annually. Each year, the states

collect data from the counties

on births and deaths following

the reporting requirements of

the federal government and
send computer files containing

the data to the National Center

for Health Statistics (NCHS).
The data are compiled by
NCHS, and annual reports are

published discussing the num-
ber and causes of deaths in a

given year by age group and
other demographic categories.

Vital statistics death re-

cords use external cause of in-

jury classification codes, or E
codes, to categorize injuries

along with standard cause of

death classifications. The
standard mortality classifica-

tions, called N codes, docu-

ment the effects of an injury

and the part of the body in-

jured but do not explain how
it happened. For example, a

death resulting from a motor
vehicle crash might be called a

head injury in N codes, while

in E codes it would be de-

scribed as a "motor vehicle ac-

cident." The E codes provide a

crucial link between the cause

of an injury and its effects,

which is very helpful in injury

prevention planning. Use of E
codes on death certificates is

required for all deaths that are

injury related.

Most deaths from external

causes must be investigated by

state coroners or medical ex-

aminers. The cause of death

recorded on the death certifi-

cate for injuries is most often

determined by the coroner or

medical examiner, depending

on the state where the death

occurred and the circum-

stances surrounding the

death. Coroners are generally

elected to office and usually

have no formal medical train-

ing, while medical examiners

are appointed to office and are

required to be physicians in 49

states. This difference in per-

sonnel introduces some vari-

ation and inconsistency in the

coding of the cause of death.

In addition, the death certifi-

cate form itself varies some-

what from state to state.

However, the cause of death

portion does not vary exten-

sively. Some states have in-

structions and examples right

on the form and others do not,

and the number of blank lines

provided varies. The National

Center for Health Statistics

provides states with recom-
mended death certificates, in-

struction manuals for coroners

and medical examiners, and
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Box 1

Categorizing Injuries

Unintentional Injuries

Injuries due to motor vehicles

to occupants

to pedestrians

to bicyclists

Bicycle injuries

Boating injuries

Choking and suffocation

Falls

Drowning

Near-drowning

Fires and burns

Unintentional firearm injury

Unintentional poisoning

Occupational injuries

Farm injuries

Sports injuries

Injuries due to toys and recreational

equipment

Any other injury that was not

intended

Intentional Injuries

Homicide

Suicide

Rape

Assault and battery

Domestic violence

Child abuse and neglect

Any other injury caused on purpose

The categories presented

here are not official, but

are those in common us-

age in injury prevention.

Unintentional injuries, as

defined here, occur far

more often than inten-

tional injuries.

Motor vehicle injuries are

the most common serious

injury for children.

Source: Adapted from Children's Safety Network. A data book on child and adolescent injury.

Washington, DC: National Center for Education in Maternal and Child Health, 1991.

sample legislation for state vi-

tal statistics acts but does not

require the states to use them. 8

As shown in Figure 1, vital

statistics can be helpful in de-

termining the types of unin-

tentional injuries that are

important for children, espe-

cially when E codes are used.

According to vital statistics,

40% of all deaths for children

ages 1 to 14 are due to "acci-

dents and adverse effects," and
nearly half of those involve mo-
tor vehicles.

9 (Even though the

Centers for Disease Control

and Prevention prefers the

term injury, vital statistics uses

the term accidents in its record

keeping for historical rea-

sons.) Vital statistics tabulates

deaths from homicide and sui-

cide separately from "acci-

dents and adverse effects" and
distinguishes unintentional in-

juries by using categories such

as "accident caused by hand-

gun" and "accidental drowning

and submersion." However, as

previously discussed, it is some-

times difficult to know if the

reported deaths are truly unin-

tentional. Some portion of the

deaths coded as "accidents"

are likely to be from inten-

tional injuries. Even with these

difficulties, mortality is an im-

portant outcome ofsome types

of unintentional injuries, and
there is much to be learned

from available mortality data.

The vital statistics system is

not the only source of injury

mortality data. Other, more
specialized sources exist, such

as the Fatal Accident Report-

ing System (FARS) kept by the

National Highway Traffic Safety

Administration (NHTSA). The
NHTSA contracts with state

agencies to provide informa-

tion on fatal crashes in a stand-

ard format. FARS tracks motor
vehicle crashes in which one or

more participants died within

30 days of the crash and col-

lects information on specific

aspects of each crash, includ-

ing seat belt and child safety

seat use.
10 The FARS system,

designed to monitor and help

improve highway safety, cap-

tures a detailed picture of each

fatal crash, which allows track-

ing of items such as restraint

use that are not collected in

vital statistics.

Data on fatalities do not

account for important nonfa-

tal outcomes of unintentional

injuries, such as short- or long-

term disability or time lost

from school. Considering mor-

tality data without data on non-

fatal injuries can lead to ignor-

ing injuries that can have a

great effect on children's lives

and their use of health care

services. For example, sports

injuries are a very common
childhood occurrence and are

a major contributor to long-

term health problems and in-

creased use of the medical care

system by children. If mortality

data are considered alone,

sports injuries will not be seen

as an important health prob-

lem because the number of

deaths from sports injuries is
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Figure 1

Unintentional Injury Mortality During 1990 by Cause Among
Children Ages 4 Years and Under

Motor vehicles

7% Drowning

18%

Data in this figure come from the vital statistics system external cause of injury codes,

or E codes. In vital statistics, unintentional injuries are labeled "accidents and adverse

effects" and are coded separately from purposefully inflicted injuries such as homicide

and suicide. The "other" category includes injuries from more than 20 other sources.

More than half of the 3,496 deaths resulting from unintentional injuries for young

children in 1990 were due to motor vehicles and fires.

External cause of injur)' data (E codes) help to determine the important sources

of injury for children and adults but are only widely available for mortality data.

Source: Unpublished data from the Mortality Branch of the National Center for Health Statistics, Washington, DC.

low. Another limitation of

mortality data is that they may
demonstrate regional vari-

ations which have more to do
with the quality or availability

of trauma care than with the

acuial number or severity of in-

juries. Rural areas, for instance,

may have higher unintentional

injur)- mortality than urban ar-

eas because, other things being

equal, areas with readily avail-

able trauma care will have lower

mortality than those without

trauma facilities nearby.
11

Morbidity Data

Morbidity data, which measure

sickness and disability, are an-

other indicator of the effects of

unintentional injury on chil-

dren, but these data are not as

readily available as mortality

data. One of the more recent

population-based studies of

unintentional injuries was
done in Massachusetts in 1980

and 1981. " Data were col-

lected during one year from
hospital discharge records in 14

cities and towns. Hospital data

collectors recorded all injury

cases that resulted in hospital

admission or death and sampled

emergency room visits for inju-

ries. These morbidity data show

the magnitude of the effects of

injuries other than death.

As is shown in Figure 2, for

every single death due to unin-

tentional injuries among the

Massachussetts children, there

were 42 hospitalizations, and

1,120 emergency room visits.

Another more recent popula-

tion-based study of children

enrolled in a northwestern

health maintenance organiza-

tion (HMO) recorded no
deaths from injuries for more
than a one-year period but 247

medically treated injuries per

1,000 children age 19 and un-

der.
1

Millions more children

receive care for their injuries

in physicians' offices or in out-

patient clinics.
1 The base of the

pyramid is probably the largest

piece of all—those injuries that

do not involve the medical care

system but are, instead, treated

at home or not treated at all.

National data on the out-

comes of injuries, rehabilita-

tion, and long-term disability
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Figure 2

Pyramid of Childhood Injury

Unknown number of injuries

not treated or treated at home

These data are from a population-based survey done in the early 1980s in Massachusetts,

and include both intentional and unintentional injuries.

Injur)' mortality is only a small part of the whole injury picture.

For every death due to injuries, there were many more hospitalizations and

emergency room visits and an unknown number of untreated injuries.

Prevention programs that target only deaths will miss the harm caused by injuries

that leave children temporarily or permanently disabled, a large part of the overall

injur)' picture.

Source: Children's Safety Network. A data book on child and adolescent injury. Washington, DC: National Center
for Education in Maternal and Child Health, 1991 , p. 13, Figure 2.7.

are generally not avail-

able. '
14 The best data avail-

able come from hospital

discharge abstracts, which con-

tain detailed information, in-

cluding diagnosis, on patients

who were admitted to the hos-

pital, but these data are state-

based and are, therefore, not

uniformly collected across the

country. Hospitals in several

states are required to collect in-

formation on the external

causes of injuries (E codes, such

as those shown in Figure 1) for

discharge or billing records, but

partly because these data are

not necessary for reimburse-

ment, collection is not wide-

spread.
1516

An additional problem
with injury data on morbidity

is that there is no reporting

mechanism for care received

in an ambulatory setting, so

children who incur injuries

and are not admitted to the

hospital are not routinely

counted. Laws requiring child

care centers to report injuries

vary from state to state, but

even when the data are col-

lected, they are not often used

for prevention planning.
1 '

Measuring the
Effectiveness of

Prevention
Strategies

Data on injury mortality and
morbidity can help identify

sources of injury which warrant

intervention. When a preven-

tion program is implemented,

available morbidity and mor-

tality data can often be helpful

in measuring the overall effect

of the program. Sometimes,

though, measurement of effec-

tiveness with available, stand-

ard data sources is difficult.

Vital statistics mortality data

alone, for example, may give a

misleading impression of the

effects of laws requiring use of

child safety seats in reducing

deaths from motor vehicle

crashes, which are the leading

cause of death for young chil-

dren. Other, more specifically

relevant data must be intro-

duced to understand the

whole picture.

Because car seats were
shown to be effective in pre-

venting injuries and fatalities
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in young children, between
1978 and 1985, all 50 states

implemented laws that re-

quired small children to ride

in car seats when in a motor
vehicle. ' In the following

years, the use of child re-

straints in cars, including child

safety seats, increased, as meas-

ured by the Occupant Protec-

tion Survey (OPS), which
monitored restraint use in 19

cities from 1983 to 1990.
20

For

infants, restraint use grew
from 66% in 1984 to 83% in

1990, and for toddlers, it in-

creased from 44% in 1984 to

84% in 1990.
21

'22

Because of the increased

use of restraints, a decrease in

the annual number of motor
vehicle fatalities among young
children would have been ex-

pected. However, the ex-

pected decline did not occur.

Based on vital statistics mortal-

ity data, the number of deaths

for child passengers under age

five in motor vehicle crashes

increased more than 30% be-

tween 1984 and 1989. This in-

crease was reason enough to

ask whether laws designed to

prevent mortality by requiring

children to ride in car seats led

to increases in traffic fatalities

for young children.

Data from the Fatal Acci-

dent Reporting System
(FAPvS) can be used to help

answer this important policy

question. The FARS data class-

ify child deaths from motor ve-

hicle crashes according to

whether or not the child was in

a safety seat.

Figure 3 shows death rates

for children under age five cal-

culated by combining FARS
data with data from the Occu-
pant Protection Survey (OPS)
and census population figures.

The OPS gives an estimate of

the proportion of children who
were restrained while riding in

motor vehicles in each year.

Combining this estimate

with population estimates
from the census provides an
estimate of the number of chil-

dren who were and were not

restrained each year. These
data and the FARS data on
deaths of children who were
and were not in safety seats

yield estimates of the death

rates per 100,000 children ac-

cording to restraint status.

And, illustrated in Figure 3,

death rates among restrained

children remained very flat,

changing only slightly between
1984 and 1990, suggesting that

the laws requiring safety seats

were justified.

Children in safety seats

were as safe in 1990 as they had
been in 1984, and death rates

among children from motor
vehicle crashes probably
would have been even higher

in the mid- to late-1980s if the

use of restraints had not been
legally mandated.

The failure of the vital sta-

tistics data to detect a decrease

in child mortality following the

legal requirement mandating
safety seat use appears to be

largely due to the dramatic in-

crease in the death rate for

nonrestrained children (the

upper line in Figure 3) in the

mid-1980s. The increase is

likely due to a number of fac-

tors that increased the risk for

all children riding in motor ve-

hicles during this time period

but which particularly affected

those who were not restrained.

The National Highway
Traffic Safety Administration

(NHTSA) studied several po-

tential contributors to the

overall increase in child deaths

in motor vehicle crashes. This

study concluded that deaths

increased because (1) chil-

dren spent more time in cars

and (2) children were more
likely to be in vehicles involved

, 23 24
in crashes.

'

Children spent about 18%
more time in vehicles dur-

ing 1988 than they had in

1984.
25

With increased time in

carscame an elevated chance for

involvement in a crash, which

explains much of the rise in the

number of deaths.

In addition, the NHTSA
found that children were in

more car crashes in 1988 than

in 1984. During 1982, children

under the age of five were in-

volved in approximately 2,350

motor vehicle crashes. During

1989, they were involved in

3,000 crashes, a nearly 30% in-

crease. This increase in crash

involvement is not well under-

stood. It could be due to a

change in driving patterns, in-

creased speed limits on rural

highways," the greater amounts
of time children spent in motor
vehicles, or simply an increase

in the number of children. In

any event, the fact thatmore chil-

dren were involved in car crashes

would, other things being equal,

result in an increase in the num-
ber ofchild fatalities from motor

vehicle crashes. The introduc-

tion of car seats during this time

prevented the number ofdeaths
27

from climbing even higher.

The child safety seat exam-
ple shows that standard data

sources, such as vital statistics

mortality, do not always show
the true effects of a particular

intervention. Further analysis

using other data sources is

sometimes required. In addi-

tion, this example illustrates the

difficulties in making direct

comparisons between inter-

ventions and outcomes (in this

instance, motor vehicle fatali-

ties) of interest.

Determining the cause of

a change in fatalities is key to

preventing fatalities and seri-

ous injuries in the future.

Conclusion
For the past few decades, unin-

tentional injuries have been
the leading cause of death and
disability for children older

than age one in this country.

Prevention of those injuries is

of critical importance to those

interested in the health and
well-being of children.

Understanding the origins

of unintentional injuries and
measuring their impact are key

parts of the prevention proc-

ess. Correctly understood and
used, measurements of the

causes and results of uninten-

tional injuries will assist in deter-

mining what the problems are

and how they can best be solved.

Documenting the effec-

tiveness of prevention pro-

grams is not always straight-

forward. Sometimes, detailed

examination of the data and
the context of the program is

required to understand the po-

tentially confounding effects

of factors other than the pre-

vention strategy. However,
prevention strategies used but
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Figure 3

Motor Vehicle Occupant Death Rates for Children Ages 0

through 4 Years, 1983 to 1990
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safety seats by 1985.
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Death rate among chiiaren riding in a safety seat

Death rate among children not restrained

Death rate of all child motor vehicle passengers

Death rates in this graph were calculated by the authors using data from several sources,

including the Fatal Accident Reporting System (FARS) , the vital statistics system, a survey

of occupant protection in motor vehicles in 19 cities, and population data from the

census. The overall death rates are calculated from counts of the number of deaths and

the total number of children in the population each year. For the restraint-specific

death rates, the number of deaths in each restraint category is used along with the

proportion of children restrained in safety seats or seat belts in the overall population

of children.

By 1985, all states had implemented laws requiring children to ride in safety seats

when in motor vehicles. The expected result, a decrease in the overall death rate

(middle line, above), did not occur.

When the data are adjusted by the proportion of children who are riding in car

seats, the picture is different. The death rate for children in safety seats is stable

and much lower than the death rate for nonrestrained children. The laws requir-

ing use of safety seats appear beneficial.

Use of vital statistics death rates alone (middle line) without the addition of data

from other sources presents a misleading picture of the child passenger death rates

in the context of child safety seats.

Sources: Unpublished data from the Fatal Accident Reporting System, National Highway Traffic Safety Administra-

tion, Washington, DC; Centers for Disease Control and Prevention; Child passenger restraint use and motor-vehicle-

related fatalities among children—United States, 1 982-1 990. Morbidity and Mortality Weekly Report(August 30. 1 99 1

)

40,34:600-602; U.S. Bureau of the Census. U.S. population estimates by age, sex. race, and Hispanic origin: 1980 to

1991. Current Population Reports, Series P-25, No. 1095. Washington, DC: U.S. Government Printing Office, 1993, Table

1; National Center for Health Statistics. Vital statistics of the United States. Vol. II. Washington, DC: U.S. Government
Printing Office. (1983 through 1989.) Table 5-2; Unpublished data from the Mortality Branch of the National Center

for Health Statistics, Washington, DC.
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not evaluated cannot show
their effectiveness and are

more difficult for others to

adopt credibly. Measurement is

important only insofar as it in-

forms the policymaking process.

The purpose of data collection

is understanding, so that events

leading to unintentional injuries

can be changed, and the inju-

ries themselves can be pre-

vented.
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REVISITING
THE ISSUES

State Initiatives to

Provide Medical
Coverage for

Uninsured Children
Christopher DeGraw
M. Jane Park

Julie A. Hudman

The Summer/Fall 1993 issue of The Future of Children featured an

article by Hill, Bartlett, and Brostrom 1 which addressed state

initiatives to cover uninsured children. Included were some 15

state-sponsored programs that use either state funding or a combination

of state funds plus Medicaid program funds to extend insurance coverage

to additional groups of children not eligible for Medicaid. In addition,

a new option available to states to expand Medicaid coverage to addi-

tional pregnant women and children was discussed.

In the period following that report, panding insurance coverage for pregnant

comprehensive national health care re-

form captured center stage in the policy

arena. The administration's health secu-

rity bill and other proposed legislation at-

tempted to provide uniform eligibility re-

quirements, a uniform set of benefits, and
financing for health care for adults as well

as children. With the demise of compre-
hensive health care reform at the end of

the 103rd Congress, and with bleak pros-

pects for comprehensive legislation in the

upcoming session, the focus turns once
again to the states.

In this article, the authors examine
state level developments affecting health

care coverage for children, updating the

status of programs reviewed by Hill and
colleagues, and describing new initiatives

and emerging trends. First, programs ex-

women and children through Medicaid

provisions are reviewed, followed by those

involving broader waivers of traditional

Medicaid program requirements. Then,
examples of state efforts at comprehensive

reform are presented, as well as initiatives

specifically targeting children and preg-

nant women.

Medicaid Expansions
to Extend Access

Incremental expansions of the Medicaid

program continue to be the primary vehi-

cle used by states to extend coverage to

additional groups of children and preg-

nant women. Such expansions often pro-

vide the core for more extensive reforms to

cover non-Medicaid-eligible populations.
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The Omnibus Budget Reconciliation

Act of 1989 mandated states to cover preg-

nant women and children under age 6 to

133% of the federal poverty level (FPL),

with an option to extend up to 185% for

pregnant women and infants to age one.

In addition, states are required to phase

in coverage of children born after Septem-
ber 30, 1983, who have attained age 6 and
have family income below 100% FPL. As
of October 1, 1994, children at age 11 and
younger are covered. By Fiscal Year 2002, all

children under 18 with incomes below the

FPL will have mandatory Medicaid coverage.

As noted by Hill and colleagues, Sec-

don 1902 (r) (2), added to the Social Secu-

rity Act in 1988, effectively gives states the

option to liberalize financial eligibility lev-

els for pregnant women and children un-

der the Medicaid program.

There is no upper limit under this op-

tion, which involves deducting greater

amounts of income and resources when
determining program eligibility for these

groups than is allowed in determining eli-

gibility for Aid to Families with Dependent
Children (AFDC), the method normally

used to determine financial eligibility for

families with children under Medicaid.

States are using the statutory program
options allowing expansion of Medicaid
eligibility to pregnant women and infants

up to 185% FPL as well as the provisions

in Section 1902(r)(2) to further expand
coverage for these groups and for older

children. By July 1994, 34 states had ex-

panded beyond the 133% level for preg-

nant women and infants. 2 For examples of

some of the states recendy expanding Medi-

caid coverage for children, see Box 1.

Broader Waivers of

Medicaid Rules

In a relatively recent development with

significant implications for children, an

increasing number of states are seeking

broader waivers of Medicaid rules which,

in effect, allow them to expand federally

funded coverage to adults not normally

covered by Medicaid, often in lieu of in-

creasing coverage for additional groups of

children.3 While Section 1902 (r) (2) offers

the states broad options to expand eligibil-

ity for the traditional Medicaid program to

additional pregnant women and children,

other adults—except for the aged, blind,

and disabled—cannot be added. As a re-

sult, states are requesting waivers of statu-

tory Medicaid requirements to accomplish

two basic goals: first, to extend federally

assisted Medicaid coverage to both adults

and some additional children, and second,

to require enrollment of most or all "tradi-

tional" and "demonstration" beneficiaries

in statewide, full-risk managed care pro-

grams that do not necessarily meet existing

federal requirements. 4

A growing number of states are seeking

research and demonstration waivers un-

der Section 1 1 1 5 of the Social Security Act,

which permits states to conduct broadly

conceived projects that significandy alter

Medicaid's structure, including changing

eligibility requirements. Most of the ap-

proved Section 1115 demonstrations cre-

ate statewide managed care systems for

some or all traditional Medicaid benefici-

aries, including AFDC recipients and low-

income pregnant women and children,

and in addition, most extend benefits to

certain low-income adults who are cur-

rently not Medicaid-eligible. In the proc-

ess, benefits are often modified for both

traditional and demonstration eligibles,

and states are substituting coverage of

adults for coverage of additional children

who could have been added without a

waiver using Section 1902(r)(2) options.

As of February 1995, eight states have

been granted Section 1115 waivers: Flor-

ida, Hawaii, Kentucky, Ohio, Oregon,
Rhode Island, South Carolina, and Ten-

nessee. Another eight states have re-

quested such waivers from the federal gov-

ernment (Delaware, Illinois, Louisiana,

Massachusetts, Minnesota, Missouri, New
Hampshire, and Oklahoma), and several

others are drafting waiver requests. For

examples of state reforms using Section

1115 waivers, see Boxes 2 and 3.

Comprehensive Reforms

A handful of states have been in the fore-

front of health care reform as they attempt

to extend coverage to most, if not all, of

the uninsured. Medicaid expansions and
state-sponsored children's insurance pro-

grams have often been fundamental to their

reform efforts.Among the leaders are Minne-

sota and Washington. See Table 1

.

Special Programs to

Cover Children

A number of states have created special

programs focusing on populations ineligi-

ble for Medicaid and most at risk of being
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Box 1

Examples of Recent State Medicaid Expansions

As part of a phase-in of incremental health reforms, Utah legislation that took effect

July 1 , 1 994, made all children 1 2 to 17 years of age in households below the federal

poverty level (FPL) eligible for Medicaid.0 The expansion, funded by savings expected
from increasing enrollment in capitated health plans, is estimated to extend Medicaid

to 32,000 additional children.
13

For the second year in a row, New Hampshire extended both age and income
eligibility for children under its Medicaid program using Section 1902(0(2) authority.

Medicaid coverage was expanded in 1993 to children 0 to 1 1 years below 170% of

poverty and again in 1994 to include children up to 19 years of age below 185%
FPL.

C Coverage of pregnant women increased to 185% FPL in 1994, up from 170%
in 1993. The latest expansions took effect July 1, 1994.

d

As part of a package of health care reform bills, New Mexico funded Medicaid
expansion to children whose family income is less than 185% FPL (approximately

$24,000 for a family of three). It is estimated that the expansions will cover an
additional 40,000 children in the first year and 60,000 in the second year®

West Virginia passed legislation effective July 1, 1994, to expand Medicaid
coverage to as many as 75,000 more children between the ages of 2 and 18 at a
cost of nearly $16 million. By July 1, 1996, the new law will phase in coverage of

children in families with incomes of 150% FPL or less. Before passage of the new law,

children between the ages of 12 and 18 were covered only if their parents' income
was 26% FPL or less. Children from ages 6 to 12 were covered to 100% and those from

ages 2 to 6, up to the federally manaated level of 1 33% FPL.
fThe new law also mandates

the development of a streamlinea Medicaid application form—no longer than two
pages—for families applying for coverage for children.9

1 In 1993, Connecticut expanded Medicaid eligibility using 1902(r)(2) options to

children 0 to 6 years below 1 85% FPL and followed up in 1 994 by expanding coverage
to children 1 1 and under below 185% FPL.

C

Healthy Kids, a new program in Michigan which expands Medicaid income
guidelines, is designed to help children already receiving limited health insurance

benefits through a public-private partnership get expanded benefits under Medi-
caid. The program builds on the Caring Program for Children, begun in 1991 as a
Blue Cross/Blue Shield-sponsored, Health Care Financing Administration (HCFA)-
funded demonstration, with state and private contributions, to provide a limited

package of basic and preventive health care services for children up to 18 years

of age with family incomes below 1 85% FPL.
h The new program will provide full health

care benefits under Medicaid to children through age 15 in families with incomes
at or below 150% FPL. The Caring Program will continue to provide basic benefits

to uninsured children under age 19 who do not qualify for Healthy Kids but whose
family incomes are at or below 185% FPL.

1

Sources:

a
1994 Legislative Tracking Service, Intergovernmental Health Policy Project. Universal

coverage and private financing reforms—Quarterly report, October 15, 1994. Washington,
DC: The George Washington University, 1994.

b Bureau of National Affairs. Utah Governor Leavitt signs bills to begin phase-in of health

reform. BNA's Health Care Policy Report (March 18, 1994) 2:577-78.
c American Academy of Pediatrics, Division of State Government Affairs. Access—State

children's health insurance programs. Elk Grove Village, IL: AAP, October 20, 1994.
d New Hampshire Division of Human Services, Office of Medical Services. Personal

communication with John Fransway, administrator, February 1995.
e Bureau of National Affairs. Reform package of 10 bills sent to governor. BNA's Health Care

Policy Report (March 7, 1994) 2:459.
1 Bureau of National Affairs. Medicaid expansion to cover more children approved by

legislature. BNA 's Health Care Policy Report (March 28, 1 994) 2:582,
9 Intergovernmental Health Policy Project, Medicaid and indigent care: Quarterly report, July

15, 1994. Washington, DC: The George Washington University, 1994.
h Intergovernmental Health Policy Project. Health care reform: 50 state profiles. Washington,
DC: The George Washington University, July 1994.

' Bureau of National Affairs. Michigan children's health plan announced by governor. BNA's
Health Care Policy Report (My 1 1 , 1994) 2:1239.
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Box 2

Rhode Island's Rite Care

One new state program being implemented in part through a Section 1115

waiver focuses almost exclusively on pregnant women and children. Rhode Island's

Rite Care program, which started enrolling clients August 1, 1994, began with

enactment of 1993 legislation that included a mix of insurance and services for

women and children, blending Medicaid dollars, state funds, and individual premi-

ums.
0 Called by Governor Sundlum "the most significant change in health care

delivery in the state" since Medicaid was established, Rite Care expands Medicaid
eligibility and provides an enhanced set of primary care and preventive benefits

through a fully capitated managed care system.
b Recipients of Aid to Families with

Dependent Children (AFDC) and pregnant women and children under age six years

with family incomes up to 250% of the federal poverty level (FPL) are eligible. Unlike

the traditional Medicaid program, Rite Care requires cost sharing for individuals with

family incomes between 1 85% and 250% FPL. Those below 1 85% FPL pay $5 for

unauthorized use of emergency services. Participating health plans are required to

offer a package of services intended to overcome nonfinancial barriers to care,

such as outreach, home visits, nutrition counseling, childbirth education, and par-

enting classes.
0
Rite Care is expected to provide primary health care coverage for

75,000 persons, including 9,000 newly eligible children under age six and several

hundred pregnant women, as well as 65,000 current Medicaid recipients.
01

Sources:
a Intergovernmental Health Policy Project. Major health legislation in the states: '93.

Washington, DC: The George Washington University, January 1994.
b Intergovernmental Health Policy Project. Health care reform: 50 state profiles. Washington,
DC: The George Washington University, July 1994,

c Bureau of National Affairs. HHS approves Rhode Island program for Medicaid, uninsured
populations. BNA's Health Care Policy Report (November 15, 1993) 1:1554.

d American Health Line. 50-state report on health reform activities. Falls Church, VA: AHL, 1994.

uninsured, often using state funds and/or

encouraging the private sector to expand
coverage to these vulnerable populations.

Among the uninsured populations that

have received the greatest amount of at-

tention in state legislation are children

and pregnant women. 5 These programs

often use state funds to subsidize private

insurance coverage. While, unlike Medi-

caid, these programs do not secure federal

matching funds, the state-funded ap-

proach avoids the "entitlement" aspects of

the Medicaid program as well as its restric-

tions on eligibility or cost sharing and man-
dates for specific services. While some
state-sponsored initiatives may have bene-

fits identical to the Medicaid program,

many state-funded programs for children

cover a package of benefits which focuses

primarily on prevention and primary care,

and does not include inpatient care. In-

creased availability and use of Medicaid

waivers to develop programs to expand

coverage for children and other groups

have begun to blur the distinctions be-

tween purely state-funded and Medicaid-

funded programs. While there have been

few new initiatives to cover children, sev-

eral states are maintaining and, in some
instances, expanding existing programs that

cover pregnant women and children. For

examples of these initiatives, see Table 1.

Extended Coverage
Through the Schools

Another recent trend in children's health

coverage uses schools to help families ac-

cess insurance for their children. Florida's

Healthy Kids Program, which began as a

single county demonstration in 1992 to

provide school-based health insurance

coverage for uninsured children, has since

expanded to six additional counties with a

total enrollment of 15,583 children as of

February 1995. The program offers a pack-

age of benefits through a capitated health

maintenance organization (HMO) ar-

rangement to any uninsured child under

age 18 in school. Except in Volusia County,

where the program was originally imple-

mented with federal funds under a Health
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Box 3

Other Section 1115 Programs

Other state programs developed under Section 1 1 15 waivers have not focused exclu-

sively on the maternal and child population. With its waiver granted by the federal gov-

ernment, Hawaii began implementing its Health QUEST program designed to provide

coverage for all individuals, adults as well as children, with incomes up to 300% of the fed-

eral poverty level (FPL) by integrating Medicaid, the State Health Insurance Program,

and General Assistance into a single purchasing pool. The program began in summer
1994 and will provide a standard package of benefits through managed care plans.

0

Its 1115 waiver granted in late 1993, Tennessee's TennCare program began in

January 1994 doing away with the acute care portion of the Medicaid program
and substituting a statewide health care reform measure to cover all current

Medicaid recipients and the working poor not covered under employer-sponsored
health plans through a capitated managed care delivery system that emphasizes
prevention. Almost 300,000 previously uninsured residents were enrolled as of July.

a

Coverage is free for those under the FPL, with premiums and cost sharing on a sliding

scale basis for those between 100% and 200% FPL. Persons above 200% FPL can
purchase coverage for the full price of the premium. A survey conducted by the

University of Tennessee reported that children under TennCare appear to have
visited the doctor more frequently than before the program was instituted.

0

Florida was granted an 1115 waiver in September 1994, which would allow the

state to use some $3.2 billion in federal Medicaid funds to help an estimated 1 .

1

million uninsured working people and their families purchase private health cover-

age through the state's 1 1 Community Health Purchasing Alliances. Under the

waiver, which puts Medicaid beneficiaries into managed care programs, savings

will be used to fund premium discounts on private insurance coverage on a sliding

scale for eligible families who earn too much to qualify for Medicaid, those who do
not receive coverage from employers, and those who cannot afford to purchase
coverage themselves. As of November 1994, the Florida Health Security Program
had not yet been authorized by the state legislature.

0

Sources:

a Intergovernmental Health Policy Project. Health care reform: 50 state profiles. Washington,
DC: The George Washington University, July 1994.

b Bureau of National Affairs. TennCare beneficiaries happy with plan, see physicians more
often, survey finds. BNA's Health Care Policy Report (September 19, 1994) 2:1622.

c Bureau of National Affairs. HHS approves Florida waiver to use federal funds for insurance
program. BNA 's Health Care Policy Report (September 19,1 994) 2: 1 62 1

.

Care Financing Administration demon-
stration grant and where children in fami-

lies below 100% FPL have been enrolled

free, enrollees pay a sliding scale premium,
primarily based on school lunch program
status. The additional counties have been
funded principally by the state, with local

government paying a percentage in match-

ing funds.6 The Volusia County program
has enrolled about 60% of children who
were uninsured prior to the program's

implementation.'7

Based on the Florida model, New
Hampshire passed its Healthy Kids Act in

1993, which created a corporation to or-

ganize school-based health insurance at

up to five pilot sites. 8 In Kansas, a program
to provide insurance to uninsured chil-

dren through school districts, also based

on the Florida model, was repealed be-

cause of the inability to attract sufficient

private funding to operate three demon-
stration projects.5 In addition, in 1994 the

Virginia legislature directed itsJoint Com-
mission on Health Care to study the feasi-

bility of developing a school-based insur-

ance plan.9

Under a new North Carolina law effec-

tiveJuly 1994, public schools—through lo-

cal boards of education—may purchase

group health insurance to cover students

based on a plan that precludes individual

risk selection. The new law allows any in-

surance company or HMO to offer a low-

cost policy for school-age children,

focusing on preventive and primary care.
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Table 1

Comprehensive State Reforms and Children's Initiatives

State/Program Status Eligibility Benefits Financing Notes

California:

Access to Infants

and Mothers (AIMf

Ongoing. Women with incomes
above 200% FPL during

pregnancy and 60 days
postpartum; children 0

to 2 years of age in

families with incomes
above 200% FPL.

Comprehensive
package of

inpatient and
outpatient services

Cigarette and
tobacco
revenues (95%)

and enrollee

premiums (5%).

Program has served
some 17,000

pregnant women
and 14,000 children

since 1992.

Colorado:
Children 's

Health Plan
b

Expanded
in 1993.

Children 0 to 13 years up
to 185% FPL.

Well child,

outpatient care;

some outpatient

surgery

Arrangement
including

state, federal

Medicaid, and
private funds.

Implemented in 18

counties; almost 1 .500

children enrolled as of

November 1994.

Connecticut:

Healthy Steps

Refunded
through June 30,

1995
c
Limited to

demonstration in

New Haven.

Children 0 to 14 years

in families with incomes
under 200% FPL.

d

Preventive,

inpatient,

dental, and
emergency care;

immunizations;

outpatient mental
health; lab tests

d

State funds. Recent evaluation

showed the program
was cost-effective

and resulted in

increased access
to primary and
preventive care.

6

Delaware:
Children 's Health

Improvement Linkage

of Delaware (CHILD)'

Network of seven
pediatric clinics

established

statewide to

provide primary

care.9

Medicaid-eligible

children covered by
capitated fee;

uninsured, underinsured

Medicaid-ineligible

children pay sliding

scale fees for clinic

services.

Well child care,

immunizations, eye
exams, corrective

lenses, inpatient

care

Foundation
funds clinic

start-up,

operations.

Under a waiver,

Medicaid pays
capitated fee

for each child

enrolled.

As of October 1994,

6,300 children

enrolled; clinics had
28,140 visits from 5,777

children (3,000

enrolled in Medicaid
managed care).

Massachusetts:

Children 's Health

Security Program*1

Implemented
July 1, 1994,

replacing

Healthy Kids

Program.

rrfcjfc? i or cniiuryrt u 10 \z.

years with family

incomes below 200%
FPL; subsidized

coverage available

for children in families

with higher incomes.

Drirmc'irx/ ^nHr I II 1 1(JI y \i\ ItJ

preventive care;

mental health and
some outpatient

surgery

State

cigarette

tax and
enrollee

premiums.

Almost 18 nOO

children enrolled by
November 1994.'
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Table 1 (continued)

State/Program Status Eligibility Benefits Financing Notes

Minnesota:

MinnesotaCare'
As of July 1. 1993.

all children

enrolled in

Children's

Health Plan

transferred to

MinnesotaCare.

Children under 18 and
adults with children at or

below 275% FPL; adults

without children up to

125% FPL.

Primary and
preventive

care; inpatient

hospitalization,

mental health,

and chemical
dependency
services

Provider tax,

enrollee premiums
of $4 per child

per month in

families to 1 50%
FPL; more than
150% FPL, sliding

scale.

42,193 children

enrolled as of

November 1994.

New York:

Child Health Plus"

Expanded in

June 1994.

Free for children 0 to 15

years in families with

incomes below 160%
FPL; subsidized for

families between 160%
and 222% FPL.

Comprehensive
outpatient care

Enrollment fees

and statewide

bad debt and
charity care pool.

83.360 children

enrolled as of

September 1994.

Pennsylvania:

Children 's Health

Insurance Program
(CHIP)

1

Enacted in 1992

and amended in

1994: enrollment

began in spring

1993.

Free for children 0 to 1

3

years up to 185% FPL;

premium on sliding scale

for children 0 to 5 years

between 1 86% and
235% FPL.

Primary and
preventive care;

some inpatient

care

Paid for by
state funds

and premiums.

Approximately
35.000 children

by fall 1994.

Washington State"
1 Comprehensive

reform package
passed May
1993: managed
competition,

individual and
employer
mandates, cost

controls and
insurance

reforms.

All residents to be
covered by 1999

through employer
plans, regional

purchasing co-ops,

state-subsidized Basic

Health Plan, and other

public programs.
Medicaid eligibility

expanded July 1, 1994,

to 200% FPL.

Uniform benefit

package, to be
offered by all

plans, currently

being drafted

Combination of

state funding,

federal Medicaid
funds, premiums,
combined with

cost control and
related measures.

New Medicaid
expansions could
cover as many as

136,000 additional

children.

Sources:

a
California Managed Risk Medical Insurance Board. Personal communication with Richard Figueroa, deputy director,

November 1994.
b Colorado Child Health Plan. Personal communication with Bonnie Sherman, manager, November 1994.
c Connecticut Healthy Steps Program. Personal communication with Bea Powell, project manager, November 1994.
d American Academy of Pediatrics, Division of State Government Affairs. Access—State children's health insurance programs.

Elk Grove Village, IL: AAP, October 20, 1994.
e American Health Line. 50-State report on health reform activities. Falls Church, VA: AHL, 1994.
1 The George Washington University Intergovernmental Health Policy Project. State Health Notes (October 18, 1993) 14,166.
9 Alfred I. DuPont Institute. Personal communication with Terri Voelker, director of public relations, November 1994.
h
Massachusetts Department of Medical Security. The Children's Medical Security Plan: Information about the children's

medical security plan. Boston: MDMS, 1994,
1

Massachusetts Department of Medical Security. Personal communication with Paula Smith, program manager, November
1994.

' Minnesota Department of Human Services. Personal communication with Jeanyne Slettom. public information officer for

MinnesotaCare, November 1994.
k Bureau of Community Health and Insurance Finance Systems. New York State Health Department. Personal communication

with Steven Dybas, program research specialist, November 1994.
1 Bureau of Maternal and Child Health, Pennsylvania Department of Health. A Periodic Update of Pennsylvania's Maternal
and Child Health Outreach Program (Fall 1994) 1 :2.

m
University of Washington, Health Policy Analysis Program. Personal communication with Alice Porter, policy analyst,

November 1994.
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Premiums may be paid by the board,

joindy by the board and the students or

family, or by the students (or any other

persons on behalf of the students). While
school districts have often purchased
group accident insurance to cover stu-

dents, the option to purchase group
health insurance for students is a new de-

velopment in the state.9

Other states, including Connecticut,

Missouri, and Texas, have recently passed

legislation related to expansion of school-

based clinics as a way to enhance chil-

dren's access to health care.5

Public-Private

Partnerships: Blue
Cross/Blue Shield

Caring Programs

The Blue Cross/Blue Shield-sponsored

Caring Programs for Children have con-

tinued to fill gaps in health insurance cov-

erage for children from low-income
families who do not meet Medicaid eligi-

bility criteria. Since the report by Hill and
colleagues, these programs have been de-

veloped in 6 additional states, bringing the

total number to 23. Utah's Caring Pro-

gram, in its third year of operation, pro-

vides free coverage for outpatient and
preventive care for more than 1,600 low-

income children in families whose income
is too high to qualify for government
health programs but too low to afford

health insurance. 10 The Caring Program
in Pennsylvania, which was the original

Caring Program, in 1994 donated $2.4 mil-

lion to provide free primary health cover-

age to 4,347 additional children in the

Western Pennsylvania region, eliminating

a seven-month waiting list and raising the

number of participating children to more
than 7,500. Eligible children are between
the ages of 6 and 19, in school, from a

family earning not more than 185% FPL,

and not eligible for Medicaid or Pennsyl-

vania's state-sponsored Child Health In-

surance Program (CHIP). 11 The state and
Blue Cross/Blue Shield added free mental

health benefits and 90 days of hospitaliza-

tion each year to both Caring Program and
CHIP enrollees beginning October 1,

1994. 12 In Kansas, the state continued con-

tributions in 1994 to the Kansas Caring

Program for Kids, organized and adminis-

tered by Blue Cross and Blue Shield of

Kansas, the Kansas Medical Society and the

Kansas Hospital Association, and largely

funded by corporate and individual contri-

butions.5 As noted previously, Michigan's

new state-sponsored Child Health Insur-

ance Program builds on the Caring Pro-

gram to provide comprehensive Medicaid

benefits to enrollees.

Other Approaches

The West Virginia legislature adopted a

measure in 1993 that allows nonprofit or-

ganizations to offer loans or vouchers for

insurance to encourage low- and moder-
ate-income individuals to use earned in-

come tax credits to buy health insurance

for their children.5 A similar measure
failed to pass in Oklahoma last year.

Outlook

Most observers concede that health care

reform is likely to continue to proceed

incrementally at both the state and federal

levels. When The George Washington Uni-

versity's Intergovernmental Health Policy

Project recently surveyed a group of its

contacts in state legislatures around the

country, most expected their states to take

an incremental track, adding targeted

populations to coverage plans including

expanded, or perhaps universal, coverage

for children.9 Likewise, at the national

level, child health advocates are consider-

ing reviving efforts to secure passage of

"children first" health care reform legisla-

tion. In the meantime, increasing num-
bers of children will be enrolled in

Medicaid managed care programs, and
states will continue to seek federal waivers

to open subsidized coverage to new groups
ofbeneficiaries. Almost half the states have

either been granted, applied for, or are

drafting requests for federal Medicaid

waivers to restructure their public pro-

grams that provide health care coverage to

low- and moderate-income residents. In

the process, these and other states will be

making important policy decisions that

will affect children's health care coverage.
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